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Chapter 1 
INTRODUCTION 
This chapter presents the background and motivating interest of undertaking this 
research and emphasises the appropriateness of this dissertation in the emerging 
agribusiness system. It critically reviews the growth performance of Indian agriculture 
since independence and briefly discusses the twists and turns during various plan 
periods. Further, it describes the problem statement in terms of major risks and 
challenges being faced by Indian agriculture in its transition and structural change in 
the twenty-first century. in addition, this chapter describes the detailed objectives, 
research questions, and the structure of this dissertation. 
1.1 Background 
Historically, agriculture has been the backbone of many economies including India. 
The post-independence period marks a turning point in the history of Indian agriculture, 
which is clear from the fact that compared with annual growth rate of less than 0.5 
percent during pre-independence period 11904-05 to 1945-46) the agricultural sector 
recorded an animal growth rate of 2.8 per cent during 1950-51 to 2011-12 (CSO. 2012; 
Bltalla, 2008). Though its contribution to the overall Gross Domestic Product (GDP) of 
Indian economy has fallen from 55 percent in 1950-5 1 to less than 15 percent in 2011-
12, a trend that is expected in the development process of any economy (as experiences 
from elsewhere in the world shows), the sector's importance in economic and social 
fabric goes well beyond this indicator. Still, this sector employs more than 50 percent of 
India's workforce and accounts for about 10 percent of export earnings (Shartna, 2011). 
It is critical source of livelihood of the vast majority of rural population particularly 
small-scale farmers, who constitute the majority of farming population i.e. more than 
70% of the country population (Chand et al. 201!; World Development Report, 2008; 
Vyas, 2003). Agriculture is a dynamic in nature and evolved over the time and will 
continue to change in future as well (Saxowsky and Duncan, 2008). 
'The term agr is ul lure is dcnhcd from the latin words agar or ao I meaning sells and cidn<rn means 
cultivation ..Agriculture is the art, science and business of crop production. It encompasses all aspects of 
crop production, livestock farming fishery and forestq. 
After the independence, the status of Indian agriculture has improved by leaps 
and bounds with advancements in production technologies as well as supportive policy 
measures. The high degree of targeted government interventions in the agricultural 
sector since the beginning of the first Five Year Plan (1950) and the late 1960s 
revolution so-called "Green Revolution" have transformed the country from it "begging 
howl" image to "agricultural powerhouse". This has enabled a successful transition in 
Indian agriculture from its stagnation to a growth path. Now, the country is world's 
largest producer of milk, second largest producer of horticultural commodities (fruits & 
vegetables), third largest producer of food grains, fifth largest producer of eggs and 
ninth largest producer of poultry meat in the world, and is second only to China in 
terms of overall food production (Bhaskarachary, 2009; Singh, 2008; Birthal et al., 
2005). The pivotal importance of agriculture2 in the country was recognised for 
ensuring food & nutritional security to its population of more than I billion and also for 
alleviation of poverty in the country (Kumar and Nath, 2010). 
Despite this domination, the agriculture sector, however, could not maintain its 
gro\%th momentum in the I990s after the initiation of economic reforms. The strategic 
growth in agriculture and the accelerated growth in industry reversed the structure of 
national GDP in Indian economy. The process of economic liberalization and 
privatization policies in the country has witnessed significantly higher economic growth 
at the start of 2l'`century but it failed to improve agricultural status (MSSRF, 2008). 
The country's overall GDP increased from 5.8 percent per annum during 1990-2000 to 
a peak 7.3 percent during 2001-2012. Ho\\ e\ er, during the same period, agricultural 
(GDP decelerated from on an average 3.2 percent to 2.9 percent per annum (Central 
Statistics Office-CSO, 2012). Declining perI rmance of the sector in terms of its 
growth has been one of the major concerns facing policy makers and the scholars 
having interests in the sector. The slackened performance of agriculture may be 
attributed to decline in public investment in agriculture from 5 percent of agricultural 
GDP in 1980-81 to 3 percent in 2006-07 (TASS & IFPRI, 2009). Agricultural growth 
has always been a crucial component for inclusiveness; however, high GDP growth 
without high agricultural growth is likely to lead to acceleration in inflation, which 
would adversely affect the larger growth process in the country ((lot. 2011). 
'The experience from BRICS countries indicates that a one percentage growth in agriculture is at least 
two to three times more effective in reducing poverty than the same growth emanating from non-
agriculture sectors. 
2 
Slo\\ agricultural growth is a matter of great concern as majority of India's rural 
population is directly indirectly dependent on agriculture for earning their livelihood. 
Performance of Indian agriculture also decelerated in terms of growth rate of crop 
yields as well as total agricultural Output during the I990s (Sharma, 2011). In addition, 
the share of agricultural exports in total export value declined from about 18.5 percent 
in 1990-91 to about 10.5 percent in 2010-11. \\hile share of agricultural imports to total 
national imports increased from 2.8 percent in 1990-91 to about 3.5 percent in 2010-I 1 
1(iol. 2()I I: Sharma, 201 I ). The all round failure to achie\e sustained growth in 
agriculture has resulted from the potential risk and challenges facing agriculture in the 
21st century (Ghorbani and Jafari, 2009; Wenner, 2005). The agriculture sector which 
is characterised by high exposure to risk is becoming an ever riskier over the years. 
Recent researches has observed that there is rising intensity, complexity, frequency and 
duration of agricultural risks of all kinds 	climatic (hail, drought, flood, landsides, 
frost, tornados, hurricanes, heat waves, and storm surges), biological (diseases and 
insect infestations), geological (earthquakes, and tsunamis), market (price variability), 
and man-made (financial crisis, collapse of legal Institutions) — impacting adversely the 
agriculture as a whole (Viswanathan et al.. 2012: All and Kapoor. 2009). Besides, 
tarming community, particularly the smallholders, faces several challenges arising from 
a range of socio-economic, demographic. structural and institutional factors that 
adversely affect its sustainability and livelihood (Viswanathan et al., 2012; World 
Bank. 2007). 
O er a period of time. Indian agriculture is undergoing a major transformation 
\\ith it shift in production, consumption and trade from toodgrains towards high-value 
agricultural commodities ( IFPRI, 2011: Birthal and Joshi, 2006; Galati et al., 2005). 
The relative importance of grains and staple ft ods are declining while that of high value 
agriculture Such as fruits, vegetables, milk. nneat and eggs are significantly increasing 
as a share in agricultural output (Chand and Ralu, 2008; Gulati et al., 2007). As evident 
from the fact that, the share of high-value commodities/ products (fruits and vegetables, 
li\estock products, fisheries) increased from 37.3 percent in TE 198;-84 to 47.4 percent 
':\s opposed to traditional :oitunodities, high value a`wieultural products ha%c rclaurely high unit values 
and a hiizh income :1asticit\ of demand. TypicattN. high \attic agricutturat products may have higher 
value-to-weteht ratios than high volume commodities In addition. they are rather labour-intensive, 
require high food safety and quality specifications. and need to be integrated in a well-coordinated 
~uppl -chain i http: t ww.rfpp.cthz.ch). For example. a crop, fish, livestock or non-timber forest product 
that returns a higher gross margin per unit of' avaitable resources (land. labour, capital, human capacities) 
than other products within a given location and context. may be considered as high value items. 
in TE 2007-08 (Sharma and Jain, 2011). The structural change was largely driven by 
rapidly changing demand for high value food due to rising incomes. urbanisation and 
lifestyle changes (Birthal and Joshi, 2006). Also, the share of high \ aloe commodities 
in agricultural trade has been increasing over the decades (Sharma and Jain, 2011). The 
growth of high value agriculture presents both opportunities and challenges to various 
stakeholders in agricultural system. On a brighter side, new opportunities are unfolding 
in the form of increasing demand for high-value commodities in the domestic and 
global markets, which is pointing out towards the potential prosperity that can be 
brought into the farm sector (IFAD, 2011). 
The entry of corporate sector and MNCs in developing countries with 
innovative business strategies of market-driven technologies, contract farming. 
processing of agri-products. developing organized retailing and exploring markets for 
exports is providing a new dimension to the Indian agriculture. At the same time, the 
changes are posing serious challenges, particularly, to small scale farmers on how to 
involve them in the capitalizing markets and ensuring the share of benefits arising from 
the new opportunities (Swinnen, 2007). The main challenges towards the small farmers, 
in the process of moving towards high value agriculture are high cost of production. 
insufficient technical knowledge of cultivation & plant protection, declining 
productivity, inadequate access to financial & extension services, improper post-harvest 
practice & poor handling, inadequate infrastructure and lack of storage and cold chain 
facilities, low bargaining power, problems of aggregation & transport costs, increasing 
agri-waste, growing marketing inefficiencies & lack of market information, poor 
governance & non-supportive policy, environmental constraints including those arising 
out of climate change. In addition to these, as the most of high value agricultural 
products are comparatively perishable in nature, it requires greater coordination in the 
way the food is produced, processed, marketed and consumed (Deshingkar et al, 2003. 
Dosch and Bain, 2004, Henson and Reardon. 2005: Swinnen and Maertens, 2007). 
Given the potential risks and challenges, agricultural growth in the country must 
increasingly rely on sustained and improved productivity growth through continued 
technological and institutional innovations. The agricultural improvements must be 
seen in an integrated view of supply chain and appropriate interventions need to he 
made on its weakest links to strengthen the chain for bringing efficiency and 
effectiveness. In the recent years, a number of interventions have been initiated by the 
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public and private sectors for improving the value chain linkages effectively managing 
the potential agricultural risk to tackle the emerging challenges and have thereby given 
a ray of hope to the farming community and the agriculture sector to move on a high 
growth trajectory so as to sustain high GDP growth, 
1.2 Agricultural Growth Performance and Structural Change 
Agriculture is the lifeline of more than 70 percent of India's population who are 
directly/ indirectly dependent on agriculture for their livelihood (Census of India, 
2011). Therefore, agricultural performance in the country is a deterniiniiig factor in the 
quality of life of over 742.5 million people living in the rural areas. Pre-independence, 
agriculture was practiced on traditional lines, typically subsistence basis, where farriers 
raised most of their crops for their own consumption instead of for trade with 
negligible/ little use of improved seeds, chemical fertilisers, pesticides, and farm 
machineries. Farm fields were small and scattered and farms were largely dependent on 
the rainfall for the irrigation. After independence, India has adopted a policy of panned 
agricultural development at varying stages « itb targeted interventions, embracing a 
wide variety of institutional and technological interventions to make the country self 
sufficient in food production. From the late 19605 onwards, the green revolution helped 
the sector maintain steady growth for more than two decades which enabled the country 
not to be food secure at national level but also to become food exporter to the world 
(Kumar and Nath, 2010). 
Today, with 195 million hectares area under cultivation (63'% rainfed & 37°/u 
irrigated), India is the world's second largest producer of food next to China, and has 
the potential of being the biggest in the world (MoA, 2001b). The foodgrains 
production (defined in India as cereals plus pulses), which largely determines the status 
of food security° in the country, has touched a new peak o1241 million tonnes in 2010-
II 
 
from a mere 50.5 million tonnes in 1950-51; with an average growth rate of 3.2% 
per annum (Ministry of Agriculture Gul, 2012). Apart from food grains, the 
performance of high value crops and activities of allied agriculture — dairying, fishing, 
forestry — have shown significant growth in the recent decade. Known as fruit and 
vegetable basket of the world. India is the second largest producer of fruits and 
°However, the availability of food grains is not a sufficient condition to ensure food security to the poor 
also necessary that the poor have sufficient means to purchase food (I'rahadeeswaran et al., 2005)_ 
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vegetables accounting for about 16% of global vegetables production and 10`) of world 
fruits production. The country is also a front runner in many fruits and vegetables with 
highest share in world production i.e. bananas (31%), papayas (42%), mangoes (42%), 
green peas (36%), cauliflower (30%). Much of the credit for this success should go to 
the several million of marginal and small farmers that form the backbone of Indian 
agriculture and the economy. 
I owever, high performance variability has been observed in the growth of 
agriculture GDP as compared to the overall GDP of the country (Figure 1.2a). The 
variability is particularly pronounced due to the vagaries of weather and dominancy of 
subsistence nature of farming. The high degree of variability also stems from the 
problem of declining yields of few crops. however, as the figure shows, the agriculture 
growth rate in India's GDP had been growing earlier but in the last few years it is 
constantly declining. 
Figure 1.2a: Comparative performance of growth of GDP (Overall) and GDP (Agri.) in India 
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Considering the high fluctuations in year-to-year growth in agricultural GDP, 
agriculture growth has been classified into seven phases (excluding twelve plan), for 
better understanding of growth phases in agriculture sector (Figure). As evident from 
the figure, the pre-green revolution period (1950-51 to 1967-68) observed an average 
agriculture GDP growth of 2.2 percent. The green revolution was kick-started during 
1966-67 and the effects of adoption of modern technology and institutional reforms 
were started showing results after 1967-68 onwards. The green revolution period (1968-
69 to 1980-81) marked a significant shift in technology transfer, adoption of higher 
yielding varieties and use of chemical fertilizers & pesticides including expanded 
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irrigated areas and improved access to institutional credit. It resulted as an improved 
growth rate of 2.4 percent during the green revolution. The subsequent period (1981-82 
to 1990-91) is classified as the period of wider dissemination of technology maintained 
the growth momentum with superior growth rate at 3.5 percent. Several agricultural and 
mml development programmes such as IADP (Intensive Agriculture District 
Programme), IAAP (Intensive Agriculture Area Programme), ND (National 
Demonstration) and [IYVP (High Yielding Varieties Programme) were launched to 
support the agriculture sector. 
The early reform period (1991-92 to 1996-97) benefited largely from these 
initiatives and attained highest growth rate of 3.7 percent. Then, the deceleration of 
agricultural growth was started from ninth plan period onwards and a clear indication of 
slumping of the agricultural sector was visible till tenth plan. This slump is attributed as 
an outcome of substantial diversion of resources away from agriculture to other sectors 
of the economy. However, eleventh plan period (2007-08 to 2011-12) has recovered the 
growth to some extent and registered 3.2 percent growth rate. Nevertheless, it was far 
behind the targeted growth rate of 4 percent. 
Figure 1.2b: Average overall and agriculture growth rate (%) 
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Table 1.2 presents the growth dynamics of production of major crops/ crop 
groups during various phases. it is evident from table that the growth performance of 
the crop sub-sector was impressive in the first three phases of growth. This sector 
registered an annual growth rate of 2,15 per cent during the pre-green revolution period, 
which further improved to 2.64 per cent and 3.1 I per cent in the phases of green 
revolution and wider dissemination respectively. In the initial years after the inception 
of planned development (First Five-Year Plan), agricultural policies primarily focused 
on expanding cultivated area, land reform, community development, and restructuring 
rural credit institutions. However, during Second and Third Five-Year Plans the priority 
on agriculture was diluted, and as a consequence, the sub-sector witnessed a 
deceleration during early sixties leading to food shortages and dependency on import of 
¢uge quantities of foodgrains for meeting domestic food demand. In the late 1960s, 
with -green revolution interventions all the crops such as cereals, oilseeds, fruits and 
vegetables, and sugarcane grew at a rate of 2.0 to 3.9 percent per annum. Further, in the 
period of wider dissemination phase, cereals, sugarcane, oilseeds, and fruits and 
vegetables maintained its growth rate. Therefore, from the late 1 960s onwards, the 
green revolution helped the sector to maintain steady growth for more than two decades 
till 1996-97. As observed from Table 1.2, the overall growth in crop sub-sector dipped 
to 1,51 per cent during post-reform period from 31 1 per cent during the period of wider 
dissemination. The deceleration was aided by a negative growth in cereals (-0.02 %), 
pulses (-0.09%) and sugarcane (-1.34%) and a poor performance of oilseeds (0.52%). 
1However, the period of recovery (2006-07 to 2009-10) has helped most of these crops 
to recover their past. 
Table 12' Trend Growth rates in VOP of various sub-sectors of crops at 1999-00 prices, 1950-
5o.r,)nn9.lniPcre nn„nnu,nl 
Growth Phase Fruits & Sugarc All Crops Cereals Pulses Oilseeds Ve etabtes ane 
Pre-Green Revolution 2.15 	1. 	2.65 0.36 2.21 2.56 	i 	3.8 (1950-51 to 1967-68) 
Green Revolution 2.64 	2.85 0.75 2.02 3.91 2.19 (1968.6910 1985-86) 
Period of Wider Dissemination 3.11 3.06 0.99 6.56 3.69 4.21 (1986-S7 to 1996-97) 
Post-Reforms 1.51 -0.0 -0.1 0.52 2.67 -1.3 (1997-98 to 2005-06) 
1.97 2.24 1.68 0.91 4.11 	1.2 Recovery (2006-07 to 2009-10) _- - 	-  I 
Source'  Chand and Parappurathu (2011) 
a 
fhe agriculture sector also experienced transition and structural changes in 
agricultural input and output including tuod basket diversification since the 
Independence. As evident from the fact that, the share of chemical fertilizers in the total 
value of inputs increased gradually over the time, from less than I per cent in 1950-51 
to 185 percent in 2007-08 (at constant 1999- 00 prices). At the same time, the share of 
organic manures declined from over 16 percent to just over 5 percent. Likewise, there is 
significant increase in the share of high value crops such as fruits and vegetables in 
total value of output from agriculture. The share of fruits and vegetables in the total 
value of agricultural output increased from 13.6 percent in TE 1993-94 to 16.9 percent 
TE 2007-08. Similarly, the share in total value of agricultural output for milk and meat 
also increased from 15.4 and 4.4 percent in TE 1993-94 to 17.4 and 4.5 percent in TE 
2007-08 respectively (CSO. 201 t). Also, the consumer food basket is getting 
diversified from traditionally cereals based items towards high-value foods such as 
fruits and vegetables. meat, milk etc. Rising incomes, increased urbanization and 
literacy, as well as improved inliastruettae and closer ties to global trends fuelled by 
the information technology boom are driving increased consumer priority to high value 
food with greater concern on food quality and safety (FAO, 2003; Deininger and Sur, 
2007). 
1.3 Understanding Transition and Structural Shift towards High 
Value Agriculture 
India is blessed with lavourable climatic conditions for the production of a wide variety 
of crops. Cropping systems within country varies from regions to region due to 
different soil and climatic conditions across the regions and hence different agro-
ecological setting. The Indian sub-continent has been divided into 20 agro-ecological 
zones which signify its diversified agricultural production from tropical and temperate 
crops. India has various types of soil ranging from the fertile alluvial of the Indo-
Gangetic plains to the black and red soils of the Deccan Plateau. Indo-Gangetic Plain 
region comprising the states of Punjab. Haryana, plains of Uttar Pradesh, Bihar and 
plains of Jammu & Kashmir. The food systems in the Indo-Gangetic Plain are largely 
dependent on rice and wheat grown in rotation. Deccan Plateau covers parts of central 
and southern India. In the Deccan Plateau, genetic diversity is manifcbt in food crops 
like sorghmn, inillets, pigeonpea, chickpea, groundnut, sugarcane and mango. In the 
existing diverse agricultural landscapes, India has the potential to become food  basket' 
of the world. 
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Realizing this, India paid considerable attention to the production of staple crops 
for food security, and to a few traditional export crops (coffee, cotton, cashew nuts and 
tea), as their means for economic growth and development. However, the progress was 
slow and patchy, largely due to traditional agricultural practices and research and 
development (R&D) and extension services were almost absent/ inadequately to gear 
the sector. There is significant shift towards high value agricultural production, 
consumption and trade pattern has been observed (CSO, 2011). The agriculture, which 
is the engine of growth and development, has been greatly influenced by the process of 
globalization, liberalization, mechanization, informationization. policy reform, 
urbanization and changing consumption behaviours has changed the structure of the 
Indian agriculture in the recent decades (Ali, 2007; Narayanmurthy, 2006; Kumar and 
Kumar, 2004; Murty, 2000; Rao, 2000). Globalization and trade liberalization bring in 
multinational companies (MNCs) into the local food retail sector through the 
establishment of "super-markets" with efficient supply chain management practices that 
emphasize high quality & safety standard with promotion of processed food. The 
economic reforms initiated in 90s however, did not include any specific package for 
agriculture rather it promoted for private investments (Dev, 2009). 
I 	The post-reform agricultural policies have largely promoted mechanization in 
the sector (Majtmdar, 2006). Importantly, the advent of ICI' has revolutionized the 
market information flows among the supply chain stakeholders including consumers 
(Arshad et al., 2006) Changing food consumption behaviors was observed as one of the 
major drivers of agricultural transformation (Timmer, 2007). Furthermore, increased 
urbanization has resulted in change in lifestyles and access to markets for various high 
value products both of which have increased the demand for fruits & vegetables, milk, 
eggs, meat, fish, and other high-value foods &processed foods (Reardon and Berdegue, 
2002). The structural transformation can be considered as a defining characteristic of 
the development process (Syrquin, 2006). 
1.3.1 TnwtrsiHun and hrstaMl tr in .Agricnl ruf Pmsfucboo 
Indian agriculture is passing through an era of transition from traditional to modem 
agriculture. The modernization is an agricultural transformation process of 
hybridization, 	mechanization, 	chemiadization, 	infonnaticniation 	and 
commercialization with profound changes in cropping pattern (Majumdar, 2006) The 
transformation process is characterized by application of high yielding send varieties, 
1C 
farm equipment& pump irrigation, use of chemical fertilizers, insecticides, pesticides, 
use of ICTs and agricultural credit (Mathur et al.. 2006). 
Traditionally, the agricultural food production in the country is largely 
dominated by food rains, which is comprised of wide range of crops like wheat, rice, 
coarse cereals and pulses. The last three decades have seen the total area under 
loodm.rains declined by about 2.21 million hectares between TE 1992-93 and TE 2010-
11 and this decline in area under ioodygrains reduced the share of foodgrains in total 
cropped area from about 72 percent in TE l 993-93 to about 63 percent in TE 2010-ti 
(Table 1.3.1a). The decline in area under foodgrains resulted in increase in area under 
high alue crops such as fruits and vegetables. Foodgrains production rose from 174.75 
million tonnes in TE 1992-93 to 231.38 million tonnes in TE 2010-I I. an increase by 
?O.O(, million tonnes. Major gain in foodgraim production came mostly from rice and 
wheat crops. Fruit and vegetable production has increased more rapidly than that of 
food rains. largely due to increase in all sorts of area under crops and yield (Singh and 
Pal. 2010). However, during the same period, other important crops like pulses and 
coarse cereals experienced decline in their production mainly due to decrease in area. 
Yield was an important factor accounts for the growth in production of almost all the 
specified crops (except oilseeds) over the said period. 
Table 1.3.1 a: Trends in area, production and productivity of major crops/crop groups: 
(TF. 1992 93 to TE 2010' 1 1) 
Area (million ha) Production (million tonne) Pruductivity (tonne/ha) 
TE 
93 
IL 
03 
ii 
II 
IF 
93 
TE 
03 
TE 
11 
TE 
93 
TE 
03 
IF 
II 
Rice 42.37 43.60 41.45 73.94 83.38 89.57 1.75 1.91 2.16 
\Vheat 24.01 25.76 28.14 56.01 69.40 82.78 2.33 2.69 2.87 
Cr. Cereals 34.72 28.92 25.40 31.76 30.15 34.01 0.91 1.04 1.34 
Pulses 23.19 20.95 18.87 13.03 11.86 11.72 0.56 0.56 0.61 
lVooderains 124.29 119.23 122.08 174.75 194.81 231.38 1.41 1.63 1.85 
Oilseeds 25.09 22.31) 26.84 1911 	17.98 28.35 0.76 0.80 0.65 
Suearcanc 3.71) 4.42 4.31 241.R 	293.52 306.58 65.10 66.51 65.33 
Fruits 3.04 3.89 6.35 30.-1) 	43.78 71.94 10.15 11.23 11.30 
Vey ~tablcs 5.32 6.17 8.06 61.1' 	89.10 133.50 11.55 14.43 16.55 
source: xiinistry of Agriculture, Gol it.: I nenntum Ending 
An instability analysis in area, production and yield of above crops was also 
carried out considering, it direct indirect affect on variability of Iarnl income, income 
risk. Estimates of instability in area, production and productivity of toudgrains and non-
l'oodgrain crops are presented in Table Table l .3.lb. Coefficient of variation is a simple 
method for measuring instability. A high coefficient of variation implies high 
instability. Instability was found lowest in area as compared to yield in almost all the 
crops except wheat and oilseeds. Variability in foodgrains production is substantially 
lower than the non-foodgrain crops. In the decade 2000s, the coefficients of variation 
ICVs) for production were estimated highest 19.8 percent for fruits, 19.7 percent for 
oilseeds, 17.4 percent for vegetables, and 13.5 percent for sugarcane. 
Production instability in fruits and vegetables were almost triple than that in 
yield in 2000s. Several factors may be responsible for this instability in area, production 
and productivity of these crops, including the technology adoption, policy regime, 
natural hazards. seasonality and instability in national/ international food markets 
(Murshid et al., 2009). It was found that adoption of new technology had increased 
instability in foodgrains and agricultural production in India (Chand and Raju, 2008).A 
major reason for instability in food production is high fluctuation in food prices 
(UNEP). Natural calamities such as floods and droughts are common phenomena in the 
country, they adverse impact of natural calamities on foodgrain production (Hossain, 
1990). 
Table 1.3.1 h: Instability in area. production and yield of maior crons (Coeff. of variation. '% a) 
Area Production Productivity 
90s 2000s 90., 2000s 90.E 
Rice 2.4 3.4 6.8 8.6 4.7 6.8 
Wheat 5.5 4.1 11.2 7.2 6.3 3.7 
Coarse cereals 6.9 4.2 9.3 12.5 9.6 12.9 
Pulses _ 4.1 5.2 6.9 10.5 6.2 6.3 
Foodgrains 1.5 2.4 6.9 8.3 6.9 6.4 
Oilseeds 3.5 9.5 9.7 19.3 8.2 13.2 
Sugarcane 6.9 10.4 9.6 13.5 4.1 4.5 
Fruits 9.1 18.6 14.0 19.8 7.0 5.6 
Vegetables 7.2 11.7 14.7 17.4 10.2 6.0 
Source: \linistry of Agriculture. Gui 
1.3.2 Structural Shift towards High Value .A r•iculture 
Over the year, the high-value agriculture is becoming increasingly important, both as a 
share in agricultural output and in the food basket (Chand and Raju, 2008). In the post 
liberalization period, the agriculture sector in India observed a clear shift in production, 
consumption and trade from foodgrains to high-value agricultural commodities such as 
fruits and vegetables, milk and milk products, meat, fish, and processed food products 
(Gulati et al., 2005). Figure 1.3.2 clearly reflects the increased share of high value crops 
in total value of output from agriculture accelerated in the post reforms period. The 
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share of fruits and vegetables in the total value of agricultural output increased from 
13.6 percent in TE 1993-94 to 16.9 percent TE 2007-0R. This has happened largely due 
to increase in area and marginal improvements in yield (Sharma and Jain, 2011). 
Likewise, the share in total value of agricultural output for milk and meat also 
increased from 15.4 & 4.4 percent in TE 1993-94 to respectively 17.4 & 4.5 percent in 
TE 2007-08. According to latest estimates published in Annual Reports of Department 
of Animal Husbandry, Dairying & Fisheries (Got)', the value of output from livestock 
and fisheries sectors together at current prices was about 4,08,386 crore during 2009-10 
(3,40,473 crore for livestock sector and 67.913 crore for fisheries) which is about 30% 
of the value of the output of 13,76,561 crore from total Agriculture & allied Sector. 
This increase is attributed to shifting production-mix to meet the growing demand for 
high value commodities. 
Figure 1.3.2: Percentage share in value of output from agriculture sector 
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1.3.3 Horticulture: High Value Driver for Emerging Agriculture 
Horticulture is fast emerging as a major commercial venture and \'aloe driver in 
emerging agricultural landscape in India. Fruits and vegetables significantly contribute 
and dominate Indian horticulture occupying 66 percent of the area under horticultural 
cultivation and contributing to more than 90 percent of the total horticultural 
production. Recent trends indicate that horticulture has contributed significantly to the 
growth in agricultural production (Fable 5.2a). While the production of fruits and 
http:/,idand.nic.irJdah&WriteReadDataiAnnual%2OReport%2 02 010-1 1 %20English.pdf 
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vegetables increased at a CAGR of 5.3 percent during the period 1996 to 2006, it was 
only 0.8 per cent for cereals (NR!, 2011). The significance and importance of 
horticulture is evidenced by the fact that horticulture crops occupy only around 8 per 
cent of total cultivable area while contributing to around 25 per cent of agriculture GDP 
(Figure 1.3.3). 
Figure 1.3.3: Contribution of horticulture to agriculture GDP (2005-06) 
Cultivated Area 	 Contribution to 
Distribution 	 Agri GDP 
Source: IVRI (2011) 
1.3.4 India: The Emerging Vegetable Basket of World 
As a traditional giant country of vegetable production, India is the second largest 
producer of vegetables in the world after China and accounts for about 15% of the 
world's production of vegetables. Around 8 million hectares of area is under vegetable 
cultivation, which is about 5.4% of the total area under cultivation in the country. 
Vegetables farming enable the achievement of high value agricultural production in the 
country, organized on a relatively small area. The vegetable production is also 
extremely beneficial in the context of nutrition, employment, and income generation 
(USAID, 2011). The diverse agro-climatic zones in the country make it possible to 
grow almost all varieties of fresh vegetables in the country. The major vegetables 
grown in India are potato, tomato, onion, brinjal, cabbage and, cauliflower which 
account for around 60 percent of the total vegetable production in the country. India is 
the second largest producer of vegetables (ranks next to China) and accounts for about 
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13.4% of the world's production of vegetables and also occupies first position in the 
production of cauliflower, followed by second in onion and third in cabbage in the 
world (Kundu. 2012). According to National Horticulture Board (Got), the current 
production level is over 133 million tonnes and the total area under vegetable 
cultivation is around 8 million hcetarea, which is about 3% of the total area under 
cultivation in the country. 
Figure 1.3.4a portrays the trends in area, production and productivity of 
vegetables over the years in the country. In the past decade 2000s, area under vegetable 
in the country has shown continuous increasing trend reflecting the growing interest of 
farmers in vegetable cultivation. Over the period of last 10 years, the total area under 
vegetable crops increased from 6.25 million hectares in 2000-01 lu 7.99 million 
hectares in 2009-10. Remarkable increase in vegetable production from 93.9 [trillion 
tonnes in 2000-01 to a peaked production of 133.7 million tonnes in 2009-10 was 
recorded. The increase in vegetables production has been attributed to substantial public 
support, geared at diversifying the sector. Farm level technical and financial assistant 
through the mission mode programmes and schemes like National Horticulture 
Mission. Integrated Horticulture Development (Gujarat and Tamil Nadu), and Subsidy 
on Horticulture Production Inputs to Small Farmers (Himachal Pradesh) have attracted 
farmers to venture into vegetable production as a business (Ali, 2008; Nath and Ahmad, 
2011), 
- 	However, the production trends also shown a recent slowdown periods 2007-08 
(108.7 million tonnes) and 2008-09 (110.1 million tonics), Studies have pointed to a 
number of production constraints that slowdown the production trends These 
constraints included pests, lack of trained labour, irrigation water shortage, market 
accessibility, lack of capital, transport. drought, Flood, shortage of land and 
inaccessibility of inputs, poor farm management and tack of training (Seleka, 1999; 
Ohopile, 2008; Mortise et al., 2010a). The contribution of yield improvement in the 
production increase was relatively high compared to the contribution of expansion in 
areas. In the said period, the yield observed fluctuating trends in the range of 13.8 — 
16.7 tonnes/hectare. At the peak of yield (I6-7 tonnes/hectares) in 2009-10, vegetable 
production also mounted at 133.7 million tonnes. 
hnp:/iparb.punjab-gov.pk/pdfs/I lorticultuve%2ofor%20the°h20Poor.pdf 
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Figure 1.3.4a: Trends in area, production and productivity of vegetables in India 
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India is being blessed with the unique gilt of nature of diverse climate and 
distinct seasons, make it possible to grow an array of vegetables number exceeding 
more than hundred types with highest share of potato (27%) followed by tomato (9%) 
and brinjal (9%)) (Figure 1.3.4b). As evident from figure, potatoes are the leading 
vegetable crop in the country and its production trends determine the vegetable as well 
as horticulture trend in the country. In last one decade, there has been considerable 
increase in potato production from 24.5 million tonnes in 2001-02 to 42.3 million 
tonnes in 20010-I I (Figure 1.3.4c). Currently, Uttar Pradesh ranks first in the total 
production of vegetables in Indian states followed by West Bengal, Bihar, Orissa, 
Tamil Nadu and Karnataka. 
Figure l .3.4b: Production share of major vegetable crops in India (2009-10) 
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Figure 1.3.4c: Trends in potato production in India (in million tonnes) 
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1.3.5 Uttar Pradesh: The Vegetable Basket of India 
Uttar Pradesh is the largest producer of vegetables with 16 percent contribution to the 
national production from about 13 percent area under vegetable cultivation in the 
country. It occupies first amongst Indian states in the production of peas (50%) and 
potatoes (35%%). The other important vegetables grown in the state are cauliflower, 
tomato. brinjal, onion, okra, cabbage and cucurbits. In 2009-10, vegetables were 
cultivated in an area of 1.02 million hectares and accounted for 22.4 million tonnes of 
peaked production. Figure 1.3.5 exhibits that from the year 2001 onwards area under 
vegetables has been increasing that resulted into the constant increase in vegetable 
production. However, a downward trend in the year 2009 was also observed. This may 
be due to the fact that 30 percent dip in potato production in the leading state West 
Bengal in 2009 than the previous year on account of late blight. Regarding trend in 
yield, it was observed that it ranged between 18.1 — 22.0 tonnes/hectare, in the said 
duration. 
Figure 1.3.5: Trends in area, production and productivity of vegetables in Uttar Pradesh 
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1.4 Emerging High Value Supply Chain Structure 
Above discussion confirms that agri-food supply chains in the country are changing 
significantly with structural changes in production, trade and consumption pattern 
towards high value food products. Also, there is growing importance of quality and 
safety standards including vertical coordination and emergence of large modern food 
retail chains. A framework for understanding the changes in agri- food supply chains is 
presented in Figure 1.4a. 
Figure 1.4a: Changes in agri-food supply chains in India 
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With above changes, the country is experiencing emergence of high-value & 
high-standards food supply chains such as horticulture, meat and dairy products, 
destined for high-income markets also targeting export to big international market. The 
high value chains are becoming more organized and standards with a move from arm's-
length market relations and spot-market transactions towards more explicit forms of co-
ordination in the chains (Gereffi et al., 2005; Humphrey and Schmitz, 2001). In 
comparison to traditional commodities chains, the high value chains are considered to 
IS 
he more efficient with increased backward and forward linkages7. As efficiency of it 
supply chain depends upon the extent to which both the backward as well as forward 
linkages are integrated alon,, with the functions and stakeholders (Narula and Nainwal, 
2O ho; Lambert and Cooper. 1998). 
l-h vever, India is in the midst of these changes which can be understand in terms of the 
industrial structure which are typically dimensionedin terms of market size (Minot and 
Roy. 2007) (Figure 1.4h). Still, the high value supply chains such as vegetables are 
highly unorganized and inefficient spreaded across the distant country locations (see 
country vegetable map). As highlighted In the map, major eight vegetables producing 
states contribute to more than 70 percent of total flows of vegetables in the country. The 
major aggregation of vegetables is done at five metro locations 	Nlumhai, Delhi, 
Kolkata and Chennai including Banglore. Whereas eight country locations are major 
egetahle processing centers (Figure 1.4c). 
Figure I .4b: Current market size of agricultural sub-sectors in India (year 201 1) 
US S Million 22689 
Export 	 51UIt11IC (JcsUua(Ioti2 
US S Million 71)1)00 
Food 
Proccssinz 	 US S Million 9 
I S S Million 	 Organized 
.mcLilturalAggregatioi 	 US S Million 3 I6 Retail H_ ___ U  _____ norganized Production 	1 ransit Centers 
US S Million lOb))') 
Import 
Takeaway 
US S Million 13560 
Eating out 
Food Service 
Institutional 
Event.`Leisure 
Source: Multiple sources 
Backward and forard linkages are descriptive measures of the economic interdependence of industries 
in terms of magnitude transactions. A sector's linkage through its direct and indirect purchases is called 
its hack aid linkage. As reverse to backward linkage, a sector is torward linked to other sectors through 
its direct and indirect sales to them (Cai and Leung. 2002). 
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Figure I.4c: Vegetables hub-centers across country supply chain 
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As recognized by the relevant literatures, the high value vegetable supply chains 
are the most complex, least developed, and involves numerous stakeholders at various 
stages: farmers, village/ market commission agents, wholesaler./sub-wholesalers, food 
manufacturers, vendors, retailers, and multiple intermediaries who add cost but no/little 
value to the product (Figure 1.4d). The infrastructure connecting these stakeholders is 
very weak leading to huge wastage along the chain. The storage and the distribution 
networks are at worst, so whenever there is even a small supply shock or a small 
demand shock prices are going haywire. Further, marketing of vegetables are 
challenging because of' the perishability. seasonality and bulkiness and consumption 
habits of the Indian Consumers. In addition to this, poor equity in supply chain and 
conventional small scale unorganized retailers, make state of the art supply chain 
challenging in the present scenario. 
Figure I.4d: Vegetable supply chain in India (covers all possible stakeholders) 
As a result, more than 50 percent of produce losses and wastage in the supply 
chain operations (FAO. 2011). Also, despite accounting for 15 per cent of world's 
vegetable production, India has a relatively low, less than 2 percent of the total 
vegetables produced in the country are commercially processed and exported (Ernst and 
Young, 2009). The sub-optimal performance of vegetables' supply chain is largely due 
to inefficiency caused by high potential risks across the supply chain. The upward 
vegetable supply chain is the most risky in a number of ways. including the quantity 
and quality of production and the costs and, in some cases quality and availability, of 
essential inputs, such as seed, fertilizers, irrigation water (Rao, 2008; Barnett and 
Mahul, 2007; Turvey, 2001; Goodhue and Simon). Post-production crops are greatly 
suffers from poor logistics & transportation. poor handling, lack of processing 
techniques, lack of quality control practices. and storage (Basavaraja et al., 2007: 
Rajagopal. 2002). Vegetable marketing introduces additional sources of risk, including 
price risk, policy risk. and "placement risk" (defined as the risk of not finding a buyer 
for all or part of one's production) (Vaswani, 2011; Shilpi and Umali-Deininger, 2007). 
Broadly, the vegetables risks can be classified according to their supply chain phases, 
which are consists of input, production, post-harvest, and marketing& price (Ali and 
Kapoor, 2002 ; Skees et al., 2006; Mirinda and Vedenov, 2001; Boehlje and Eidman, 
1994). 
Managing vegetables risks are critical to achieve the sustainable agricultural 
growth, food & nutritional security, and improve rural livelihood situation.Recent 
approaches and developments have the potential to manage the high potential risks 
lacing the vegetable enterprises and its supply chain. Managing risk across the chain 
not only helps in cutting costs, but also adds to maintain and improve the quality of 
vegetables market. Identifying these advancements and their relevance to the current 
needs of millions of srnallholder vegetable farmers and other stakeholders including 
consumers will strengthen and efficient the country's vegetable supply chain. 
The profound changes in food consumption behaviours and future demand for 
growing population pose challenges to respond the agriculture with shrinking natural 
resources and ever increasing agricultural risks. Overall, the agriculture growth 
performance is non-satisfactory; which may have wider, long-term and serious 
ramifications that can seriously impact food and nutritional security and undermining 
the poverty alleviation goals of the country. For agricultural growth to occur at the rate 
required to meet future quality and quantity demand, there is strong need to understand 
and respond the emerging risk and challenges of 21'' century agriculture. 
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1.5 Problem Statement — Emerging Risks and Challenges across High 
Value Agriculture Supply Chain 
In the 21'` century. Indian agriculture has been experiencing a deceleration and is 
confronted with new challenges causing agricultural performing at much below to the 
actual potential of the country. Figure I.2b depicts the divergence between the growth 
trends of the total economy and that of agriculture & allied sectors during a span of 
about 60 years. Growth in agricultural GDP decelerated from over 3.7 percent per 
annum during early reform period (1991-92 and 1996-97) to only 2.5 percent during 
ninth & tenth plan period Slowdown in agricultural growth can largely be attributed to a 
variety of' risk factors such as declining public investment, degradation of' natural 
resources. failure to carry out essential reforms to conserve water and soil, weak rural 
infrastructures, markets inefficiencies, adverse impact of trade liberalization, disease 
outbreaks. limited extension and financial services, unabated and weakened support 
systems and climate change (All and Kapoor. 2008; Cottern et al, 2008: Chong, 2005; 
Hardaker et al.. 2004). Agriculture sector has also been widely neglected for decades by 
donor to developing countries' as total overseas development assistances allocated to 
agriculture dropped from 15% in 1980s to less than 3°/, in 2007 (World Bank, 2007; 
Global Donor Platform for Development, 2009). 
[:ire 1.5: Challenges across agriculture supply chain in India 
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The agricultural situation in the country has become more volatile. competitive, 
knowledge-led and market-oriented over the years (Singh and Sharma, 2004). It is 
evident from the fact that unlike the overall economic growth pattern, agricultural 
performance in India has been quite volatile (measured in terms of Coefficient of 
Variation. CV) during 2000-01 to 2010-1 l was 1.5 compared to 1.2 during the previous 
decade (1990s) (estimated from CSO 2012 database for agricultural GDP growth). This 
is almost five times more than the CV observed in the overall GDP growth of the 
country indicating that agriculture sector, which is characterised by risk is becoming an 
ever riskier posing serious challenges for agricultural supply chain and its external 
environment (Figure 1.5). The major supply chain challenges are at the front of 
productivity, production, post-harvest and marketing. While external environment 
challenges arises mainly from Policy. I11sututional Environment & Globalization 
including most serious challenges of climate change and depleting natural resources. 
1.5.1 Challenges of Agricultural Policy, Institutional & Globalization 
"Traditionally, India's agriculture development was based on protected policy 
environment, which included controls on farm inputs, production, market, pricing, 
trade, storage, transport, and quantitative restrictions on foreign trade. During 1970s 
huge public investments were made for creating basic agricultural infrastructure such as 
irrigation facilities coupled with research and extension to augment food production by 
increasing cropped area and productivity. These policies were primarily intended to 
attain long-term food security and stabilize agricultural prices. Notwithstanding, 
agricultural policy had been dynamic in nature. Institutions were created while others 
were disbanded depending on the exigencies of the time. However, present agricultural 
situation in the country is remarkably different from that of few decades ago, but too 
many of India's agricultural policies are still focused on earlier approach. Agriculture 
being a state subject for policy initiatives and regulations, there has always been 
overlap of institutional mechanism across the agricultural systems. 
Indian agriculture is facing a policy paradox in the era of globalization with 
serious challenges of declining productivity, climate change, %olatility in prices, 
shrinking farm size and maintaining global quality & safety standards for agricultural 
trade (Sinha, 2009). Globalization policies of 1990s and beyond have created many 
challenges for agriculture sector in the country. which has consequences and impacts in 
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terms of diversification of domestic production systems, vertical integration of the food 
supply chain, increase in demand for high value food, declining agri-food export, rising 
food imports. domestic agriculture exposure to international market, and 
competiti\eness tPinilai. 2006>. Toda\'• main policy challenges are improving 
productivity and moving towards high-s aluc agriculture and promote rural non-farm 
sector by maintaining food security for reducing poverty and hunger. 
The environment for Indian agriculture and policy is changing last. The public 
investment in agriculture sector declined fiom 3.4% of agricultural (il)P in the early 
980s to I.9°'o in 2001-03 ( Mani et al., 2()1 1 ). In terns of composition, the share of 
public in' estment' in total investment decreased significantly over time from about 
500-„ in the early 1980s to less than 20%% in the decade of 2000s (De%. 2012). In other 
words. the share of pri\ate investment increased from about 50"'o to 80% during the 
same period. Likewise, overseas development assistances allocated to agriculture is 
dropped from 15°%b in 1980s to less than 3% in 2007 (World Bank, 2007). Regarding 
procurement policy, the Commission for Agricultural Costs and Prices (CACP), which 
recommends prices for many important crops in considerations of cost of cultivation, 
global and domestic prices, demand and supply etc. is helping only few crops and few 
regions in the country. Also, the current policies suppot do not appear to be meeting the 
key policy goals of protecting marginal and small farmers. These declines in public 
investments and overseas contribution have been matched by poor perfOrTnance of' 
agriculture and disappearance of agricultural research systems and other supports. Also, 
agricultural policy also lack in the strong ,.io%ernment commitment to implementing 
basic social protection measures for small farmers and poor consumers. However, to 
provide new direction to agriculture, the central government launched National 
Agricultural Policy in 2000 aiming at tapping the vast untapped growth potential of 
Indian agriculture and attaining the agricultural growth of 4 percent per annum. 
Various mission mode programmes such as National Horticulture Mission, 
Cotton Mission. Oilseeds and Pulses Mission etc were launched by the Government. 
Ho\v e\ er. due to lack of proper institutional nlechanlsm. the expected benefits couldn't 
be realized. The existing institutional support mechanism for Indian agriculture is also 
grossly inadequate to meet challenges of 21 "century agriculture. The weak institutions 
' It may be noted that 900 , of the private investment is made by f:umcrs for on-tarn production. 
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for managing, coordinating, overseeing, and monitoring seriously hinder the attainment 
of an evidence-based and inclusive policy process. There is strong need to change and 
strengthen the entire range of institutional arrangements whether they are concerned 
with use of natural resources, inputs, marketing and trade or R&Il and transfer of 
technology. Considering the outstanding performance of some non-government 
organizations (NGOs) and community organizations of farmers, it is imperative to 
involve them in the new institutional arrangements. There can be better ways of more 
efficient food management practices in procurement, buffor stock and public 
distribution system (PDS). 
1.5.2 Challenge of Climate Change and Natural Revources 
Climate change, resulting mostly from global warming, has been among the major 
challenges facing agriculture today. Extended drought periods and heavy rainstorms are 
becoming common features of the weather (Met Office 2005). The agriculture sector in 
developing Countries is the most vulnerable to climate change as compared to 
developed one, because they have fewer resources to adapt in all sorts: socially, 
technologically and financially (UNFCCC, 2007). According to FAO (2005) estimates 
for developing countries, II percent of arable ]and could be affected by climate change, 
including a reduction of cereal production in about 65 countries, about 16 percent of 
agricultural GDP. This has raised fears that the world, particularly developing 
countries. may not be able to grow enough food to ensure that future population are 
adequately Icd (Harris and Kennedy, 1999). 
In India, while there is considerable uncertainty as to how climate change will 
affect specific regions in the country, the general consensus at present is that 
temperatures will rise through most of this century and many parts will experience a 
reduction in average annual rainfall, while some regions may face drought. Some 
simulation studies on the impact of climate change on major foodgrains like rice and 
wheat yields indicate that a 2C rise in mean temperature may reduce the potential grain 
yields of both the crops by about 15-17% in north India (Kaur and Handal, 2007; 
Aggarwal and Sinha, 1993). Another study by Geethalakshmi and Dheebakaran (2008) 
shows that temperature and precipitation changes may reduce the rice yields (during the 
kharif season) by 10-15 percent by 2020 in the state of Tamil Nadu. By 2050, the 
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magnitude of yield decline would aggravate further to 30-35% (Kumar and Nath, 
2010). 
At the country level, a substantial decrease in wheat production is likely to 
occur if the existing pattern of climate change continues. After incorporating the 
climate change effect, the wheat output is projected to barely reach 75 million tonnes in 
2020 (as against projection of nearly 100 million tonnes without considering climate 
change impact). Beyond 2020, wheat yield have been projected on the basis of input 
growth are unlikely to materialize and the production would come down sharply 
(Figure 1.5.2). The adverse effect of climate change on short duration crops and 
perishable items such as fruit, vegetables and spices, due to high environmental 
susceptibility of these crops. have also been reported (Sivakumar and Stefanski, 2008). 
Similarly, due to high sensitivity of livestock and marine production to climate change, 
the livestock productivity is also expected to decline, which may have adverse 
consequences to nutritional security (Sirohi and Michaelowa, 2007). 
Figure 1.5.2: Possible impact of climate change on wheat production in India 
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Apart from the climate change, the degradation of natural resources particularly 
soil erosion & loss of soil structure, reduction in soil organic matter, falling ground 
water tables, drying rivers or floods, and pollution are alarming about the decline in 
future food supply. Also, per capita land availability in India has declined from 0.89 
hectare in 1951 to 0.3 hectare in 2001 while during the same period, per capita 
availability of agriculture land has declined from 0.48 hectare to 0.14 hectare (Ministry 
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of Environment & Forest, (io1). The declining availability of per capita land resources 
is further exacerbated by degradation and desertification of land. Thus, the likely 
impact of climate change and diminishing natural resources on food production and 
productivity in India can constrain attainment of future food security from the domestic 
production. 
1.5.3 Production and Productivity Challenges 
Agricultural production in the country has moved through various stages during last 60 
years and now showing stagnation in the recent years. Due to this stagnation in 
agricultural growth, the time has come to develop innovative technologies related to 
seed, fertilisers, irrigation system and good agricultural practices, for promoting 
important crops which are more productive, profitable, cost-effective, sustainable, and 
resilient. One of the main problems of Indian agriculture is its low productivity as 
compared to global averages (Figure 1.5.3a). Indian agricultural yields are among the 
lowest in the world, although there has been marked improvement in per hectare yield 
since 1950-51. The world average yield for cereals is 152 percent higher than Indian 
yield. Similarly the world average yield for vegetables is 146 percent higher than Indian 
yield for the same. 
Figure 1.5.3a: Yield of cereals & vegetables A comparison 
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fhe main cause of this low per hectare yield is low fertility of soil and less care 
to replenish it through balanced use of artificial fertilisers. Soil erosion is not only a 
major cause fi>r decreasing soil fertility but also the loss of valuable cropped land. 
Table I.5.3a presents the soil fertility maps of India which is based on systematic 
survey and analysis of more than 2.5 lakh soil samples conducted by the All India 
Coordinated Research Project (AICRP), indicating deficiency levels in the soil. It 
clearly shows that about 63 percent of' soils are low, 26 percent of' soils are medium and 
only 11 percent of soils are high in available nitrogen. Similarly, about 42 percent, 3R 
percent and 20 percent soils are low, medium and high, respectively, in the availability 
of phosphorus. About 50 percent soils are high in potassium, 37 percent medium and 
only 13 percent low in potassium. The deficiency level of Zn was to the extent of 49°/,, 
33% of B. 13, 7 & 4°/o of' sample rating low in Fe. Mo and Mn. 
Table I.5.3a: Extent of nutrient deficiency in Indian soils 
Nutrient 	 Extent of deficiency 
N L63%;M26%;H I1% 
P L 42°' 	M 38%, II 21)°o 
K L13%,M37%;H50% 
S L 400 ,,: M 3500, If 25 
Zn 49'/0 
Fe I3°o 
B 33% 
Mo  
Mn 
	 4% 
Source: ICAR 
With intensive cropping system using only NPK fertilisers and with limited use 
of' organic manures, soils became deficient in a large number of elements (Figure 
I.5.3b). In India, about xO million hectares of cropped area is facing the problem of soil 
erosion. Planning ('ommission (Govt of' India) recognized the specific regional 
constraints attributed to low productivity in the concerned states ("fable 1.5.3b). 
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Table 1.5.3b: Region specific factors that can be attributed to low productivity 
Agro-climatic States/parts of Region-specific constraints 
region states 
Severe 	soil 	erosion, 	degradation 	due 	to 	heavy 
Western Himalaya J&K, HP, rainfalUfloods 	and deforestation, 	poor road, poor 
Region Uttarakhand input 	delivery, 	inadequate 	communication 
infrastructure and marketing. 
Aluminium toxicity and soil acidity, soil erosion and 
Eastern Himalayan Assam, NE States, floods, 	shifting 	cultivation, 	non-availability 	of 
Region Sikkim electricity, poor road, poor input delivery system and 
communication infrastructure. 
Flood!watcr 	logging, 	improper 	drainage, 
Lower and Middle West salinity/alkalinity, arsenic contamination, Gangetic Plains ern Bihar 
Eas 
East
ter 	
UP , Non-availability 	of 	electricity, 	high 	population Region growth, 	poor 	road 	and 	communication 
infrastructures. 
Upper and Trans- V1%cstcnl UP , Groundwater 	depletion, 	decreasing 	total 	factor Gangetic Plains Punjab, Haryana Re  
productivity, micronutrient deficiencies, inadequate- 
gion availability of electricity, and high population density  
Moisture stress, drought, soil acidity, iron toxicity, 
Eastern Plateau and Orissa, Jharkhand, non-availability 	of 	electricity, 	high 	population 
Hills Region C'hhattisgarh growth, 	poor 	road, 	poor 	input 	delivery 	and 
communication infrastructure. 
Source: Planning Commission 
1.5.4 Post-harvest and Marketing Challenges 
While increasing productivity and production are essential components of a vibrant 
agricultural sector, improved post-harvest1° practices and marketing are also essential to 
'°A post-harvest system is concerned with the post agricultural agro-industries sphere and includes 
technologies of storage, transportation, and processing of agricultural raw materials into food products 
(Nleliczek. 1985) 
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ensure high-quality products reach the markets and farmers' income gain. The existing 
post-harvest practices in the country are one of the major concerns, causing huge post-
harvest losses particularly of perishable items such as fruits and ' egetables. It has 
caused losses in production, inputs and \ aluable nutrient quality. The sub-optimal 
rowth of tood processing and inefficiencies in marketing including and poor 
institutions in India is another constraint contributing to high losses and wastage of the 
farm produce. which translate into less income for farmers and the higher prices for the 
consumers. 
Agricultural marketing in India is highly unorganized and inefficient. Marketing 
in agricultural commodities is assuming increasing importance in the wake of ushering 
in second green revolution. impro ing the li\ ing standards of farm families, making 
India hunger free and turning poverty into history in the shortest possible time. The 
challenges facing the marketing system are quite different than what these used to be 
about two decades before (Planning Commission, 2007). An efficient and organized 
marketing system is required to enable agricultural producers to build a platform where 
they can better market their produce. Such agricultural marketing system not only 
enables farmers to market their produce at local level but also explores avenues for the 
expansion of the market globally. However, there is need fix intervention from various 
government and non-government agencies to act as catalyst in assisting farmers in 
marketing their produces both at local and global platform. Poor front end infrastructure 
such as storage facilities and improper warehousing facilities results in as high as 40-
500 o post harvest losses (however it varies from produce to produce) and wastage, 
which occurs across the entire food supply-chain from farm gate to consumer end. 
Imperfect market conditions and restrictions on the movement of agricultural 
commodities are not letting the farmers to realize the true value of their produce, 
whereas it is causing the consumer to pay a much higher price than warranted. There is 
limited access to the market information (generally blocked by intermediaries), and 
multiple channels of distribution that eats away the pockets of both farmers and 
consumers. 
The 4Ps - price, product, place and promotion is the core principle of marketing 
but in the case of agricultural marketing in India it is not exactly the marketing in the 
literal sense and we can call it as `distribute e handling' of agricultural produce as there 
?I 
are number of intermediaries involved who adds cost but no value to the product. The 
escalation in the cost of the produce is to an extent of 250 percent of the cost of 
production at the farm level and same is set out in the figure below (in case of 
vegetables) (Figure 1.5.4). However with the liberalization, privatization and 
globalization, the economic scenario in India has drastically and tremendously changed 
over the years. As a result, changes in the distributive handling' is being reinvented 
with the rise of retail giants who are the major buyers in bulk quantity and who 
constantly look for differentiated, graded, standardized, processed and packaged 
products rather than undifferentiated ones. The country need to develop an integrated 
mechanism linking the post-harvest and marketing activities that ensures the fast reach 
of perishable produce to market at the right time with right quality and quantity at right 
remuneration to the farmers. 
Figure 1.5.4: Cost build-up for one kilogram of average basket of vegetables 
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History has shown that Indian agriculture can meet big challenges. There is 
sufficient evidence in the country itself that has shown that India come out from the 
high level of poverty and food-deficit nation to now food secure nation with surplus 
supply of food to the world. Between 1951 and 2011, the India's population increased 
by 335% (36.1 to 121 crores) and foodgrains production rose by more than 500% (from 
50.83 to 254.4 million tonne), is a sufficient evidence of country's agricultural 
production capacity (Census, 2011). 
The recent challenges for Indian agriculture in 21st century is to increase the 
productivity and production and remove the inefficiencies involved in post-harvest and 
marketing operations. in order to meet out the challenges posed by agricultural risks. 
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Risk affects both individual producers and the overall performance of the agricultural 
sector. At the productivity and production front, there is the wide gap between what the 
technologist gets in the experimental faun and what a farmer gets on his farm and also a 
ide gap between the "best-practice" farmer and the common run of fanners. At the 
post harvest and marketing end, significant loses and wastage of produce leads to 
quality and quantity losses in the food value chain. Minimising food losses and waste 
along, the supply chains can make a big difference in improving the future food supply 
situation. 
Small-scale farmers'. who are the primary stakeholders in agricultural supply 
chain. constitute more than 70 percent of rural households (World Bank, 2007). 
Importantly. their importance can also be understood from that fact that they continue 
to contribute significantly to the agricultural production, food security, and rural 
po\ erty reduction in the country. Howw e\ er. they confront with new challenges in 
accessing the productive resources, integration into high value chains, adaptation to 
climate change, and market volatility and other risks and vulnerability. Also, they face 
multiple sources of risk arising due to the vagaries of weather, increasing cost of inputs, 
limited access to credit & crop insurance, lack of infrastructure & storage facilities, low 
economies of scale, lack of bargaining po\%er. poor market linkages, lack of market 
information, market price fluctuations of produce, globalization of chains, and the 
unique political economy of food in domestic and international settings (Cottern et al, 
2008: Tani. 2006; ('hong. 2005: Hardaker et al., 2004). Further, emerging demand for 
high-value food commodities raised question v. hether the sinallholders would be able to 
participate in such a fast changing commercial agriculture (Joshi et al. 2004; Kumar et 
al.. 2003). 
High-value agricultural commodities often characterized by perishable in 
nature. irregular supply of' products due to seasonability of production, high income 
elasticit\ (hence growing demand). price sensitivity to quality & safety, and also 
market prices are highly volatile; the small-scale producers generally feed the local 
markets that are usually thin and fragmented. Marketable surplus of an individual 
small-scale producer is too small to he bargained and traded remuneratively in distant 
markets due to high marketing and transaction costs (Escobal et al. 2000). All these 
factors escalate the transaction costs and increase risks in production and marketing 
considerably that may again discourage the smallholders. Some generic constraints also 
includes weak and/or non-existent fanner organizations, low levels of agricultural 
education and social capital, lack of vertical co-ordination, limited technical and 
marketing expertise & knowledge. Such constraints have resulted in a concentration in 
the supply base with large farmers, and enterprises, and a resultant decrease in small-
scale farmers' involvement. Managing risks is critical for agricultural growth and 
development. Managing risk, typically, involves the use of a range of practices. 
techniques and tools in order to counter the risk across the agricultural chain (All and 
Kapoor. 2005: Miller et. al, 2004 Clark. and Brinkley, ?001). 
India's agricultural supply chain is still predominantly unorganized; there are 
several inefficiencies due to potential risks involved at its various functions. There have 
been several attempts to manage this — from government. NGOs. Community 
Organizations, private agencies, and research institutions. Though. there has been some 
Success in these attempts, these have not scaled up fast enough to manage the chain 
across diffident commodities efficiently and effecti\ely. Given the complexity of 
agricultural production and post-harvest operations & marketing activities; coupled 
with the problems of poor agricultural practices and lack of infrastructure and deprived 
support mechanism, there is an urgent need to innovate and adopt quick & practical 
Solutions. Organizing resource poor farmers and linking them into an integrated and 
effective supply chain framework/system. which comprise of efficient market and 
institutional support system may help to find out the solutions for effective agricultural 
risk management and to respond the 21 century challenges for efficiency gain in 
agricultural supply chain. 
1.6 Objectives of the Study and Research Questions 
This study aims at pro\ iding a generic and integrated framework for the systematic 
management of potential critical risks in the supply chain with special reference to 
upstream vegetable supply chain. The overarching objective of' this study is to 
investigate the clustering approach of /managing risks in upstream vegetable supply 
chain in India. Additionally, this study examines factors that affect the identification 
and treatment of potential critical supply chain risks. 
This study has been conducted with the following specific objectives and is 
expected to address the specified questions mentioned against each objective: 
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1. To review the literature on risk and risk management in agriculture; and 
develop an integrated framework of supply chain risk management; 
The research questions expected to he answered: 1) what are the existing 
approaches to classify agricultural risk? 2) what are the sources of agricultural 
supply chain risks" 3) what are various agri c tdtural risk management 
approaches and mechanisms? 4) What is the research gap on existing literature 
on risk management? 
2. To analyze the transition and structural shift in Indian Agriculture and 
discuss the emerging trends to aids the high value agriculture and 
mapping the vegetable value chain; 
The research questions expected to be answered: 1) what are the trends in high-
value agriculture in terms of area, production, productivity and value of ouput? 
2) Examining India and Uttar Pradesh as the vegetable basket of world and 
India respectively. 3) what is the emerging structure of high value supply chain 
specially for vegetables? 
3. 'fo identify, assess/evaluate and prioritize the various sources of risk in 
upstream vegetable supply chain; examine the disruptive ranges of critical 
risks across the chain. 
The research questions expected to be answered: 1) what are the potential 
sources of risk in the vegetable supply chain comprised of input, production, 
post-harvest harvest, and marketing & price? 2) what is the difference in the 
realization of risk to cluster and non-cluster producers? 3) what are the critical 
sources of supply chain risks and measure their disruptive ranges? 
4. To discuss the clustering approach to manage potentiallcritical risks across 
upstream vegetable supply chain, and compare the risk control strategies of 
cluster and non-cluster farmers; 
The research questions expected to be answered: I) why clustering is an 
effective approach of risk management? 2) what are the major steps and 
activities/(ask of the clustering approach? 3) what are the differences in critical 
risk management strategies of cluster and non-cluster producers? 
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To review of risk management (minimizalionlreduction) within and 
hetween cluster & non-cluster across the vegetable supply chain as a result 
of risk control actions. 
The research questions expected to be answered: 1) what is the importance of 
risk review'? 2) what are the results of adoption of risk control measures? 3) 
compare the risk minimization/reduction between of cluster and non-cluster 
producers. 
6. To investigate the factors affecting identification of critical risks and its 
management. 
The research questions expected to be answered: 	1) what are the socio- 
demographic factors that affecting the identification of critical risks across 
supply chain? 2) what are the soclo-demographic factors that affecting the 
management of critical risks across the supply chain? 
ie underlying premise of the study is that agricultural growth in India can be achieved 
by managing potential risks of high value agriculture across the supply chain through 
an integrated approach of risk management which integrate fainters' (particularly 
small-scale producers) in the supply chain and also promotes adoption of effective risk 
pontrol measures. 
1.7 Thesis Outline 
This thesis is structured into eight chapters as per given descriptions below: 
Chapter : 1 Introduction 
This chapter presents the background and interest of this research, It 
critically reviews the growth perfomtance of Indian agriculture since 
independence and briefly discusses the twists and turns during the plan 
periods. It also analyses the transition and structural shift in Indian 
Agriculture. Further, it critically examines India and tlttar Pradesh as the 
vegetable basket of world and India respectively. The chapter also snaps the 
emerging high value supply chain structure in the country with special 
reference to vegetables. Then, it describes the statement of problem in tens 
of risk and challenges facing Indian agriculture in its transition to 
sustainability phases in the twenty-first century. In addition, this chapter 
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describes the detailed objecti' es, research question, and the structure of 
this dissertation. 
Chapter : 2 Revie of Literature and Theoretical Foundation 
This chapter provides review literatures relevant to the research objectives. 
It builds a theoretical foundation upon which the research progresses. 
Coll menc1►1~i \%ith the description of the concept of risk and risk 
management. it discusses the relevant literature on risks and uncertainty in 
agriculture in order to develop a better understanding of the issue. Further, 
it critically provides literature On sources of risks and risk management 
approaches & strategies. The review provides the theoretical foundation to 
this research. 
Chapter : 3 Conceptual Framework and Research Hypotheses 
This chapter introduces the conceptual framework of integrated supply 
chain risk management in agriculture and discusses hypotheses predicting 
the relationship and effect Of clustering, approach and socio-economic 
factors on managing potential risks. 
Chapter : 4 Data and Methodology 
This chapter provides a description of the data and methodology used in 
this study. Briefly. it discusses about the sampling procedure for data 
collection, survey instrument, and data analysis procedures and techniques 
employed in the Study. The socio-demographics and farm characteristics 
of the sample are also summarized. 
Chapter : 5 Results and Discussion 
['his chapter is dividc"1 into t 	manor sections A & B 
The section - A presents a :\ sternatic approach of managing risk across 
vegetable supply chain based on primary data collected from the field 
survey. It starts with the analysis for the identification and assessment of 
various sources of risk across the vegetable supply chain. '[hen, it 
prioritizes the risks using Pareto Analysis and identities the critical risks in 
the supply chain. In addition, it investigates various factors that affect the 
identification of critical risks. 
['he section - B analyses the clustering as an integrated approach for 
managing potential:'critical risks across the vegetable supply chain, and 
also compares the risk control strategies of cluster and non-cluster farmers. 
Moreover, it investigates the factors affecting management of the critical 
risks in supply chain. Lastly, it evaluates the impact of clustering on risk 
minimization ' reduction and put observations on the same. 
Chapter: 6 Conclusion, Implications and Recommendations 
This last chapter ends this thesis with the conclusions drawn as well as 
their implications. It also pro\ ides practical recommendations for actions 
arise from the findings and observations of this research study. Also, it 
hints opportunities for further research. 
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REVIEW OF LITERATURE AND 
THEORETICAL FOUNDATION 
The main aim of This chapter is to provide comprehensive review of literature relevant 
to the research objectives. It builds a theoretical foundation for undertaking this 
research. This chapter commence with describing the concept of risk and risk 
management in general and in agricultural context. Further, it critically reviews the 
literature on sources of risks and risk management across agricultural supply chain and 
finally identifies the research gap. 
2.1 Concept of Risk and Risk Management 
A study on risk management typically starts with discussion on the concept and 
definitions to ensure consistency and avoid confusion in terminology. The concept of 
risk <hich traced back in I7rscentury is extensively studied in literature from different 
perspectives (Cucchiella and Gastaldi, 2006). Many authors, among others. Krimsky 
and Golding (1992), Otwxy (1992), and Pidgeon et al. (1992) argued that the concept of 
risk helps people to interpret and cope with dangers and futac uncertainties. Risk and 
uncerlaimy are widely discussed issue in supply chain management literature and are 
often used interehangeahly (Burgas, 2010). However, they are distinct concepts. Risk is 
often measured in probability terms i.e. when all the possible outcomes of an event with 
their objective probabilities are known, therefore risk can be quantified (McVean, 
2000). In contrast, uncertainty is a situation when either all the possible outcomes or the 
probability of the outcomes are unknown or both the outcomes and the probabilities are 
unknown (Hardaker et al., 2004: Oslon. 2004; Knight, 1921). Miller (1992) and Davis 
t 1993) used the term uncertainty for unpredictable nature of operating environment, and 
key issues in managing supply chains. Risk s often identified to be the consequence of 
uncertainty (Lalwani et aI,. 2006). 
The definitions of risk are multifarious and range the spectrum, where few focus 
primarily on the likelihood of bad events occurring (Zsidisin, 2003; Dowling and 
Staelin. 1994; Forlani and Mullins, 2000). British Standards Institute (BS 4778, 199 I) 
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defines risk as a `combination of probability or frequency of occurrence of a defined 
hazard and magnitude of the occurrence'. 5itkin and Pablo (1992) define risk as the 
extent to which there is uncertainty about whether potentially significant and/or 
disappointing outcomes of decisions will be realised. Therefore, risk reflects both the 
range of possible outcomes and the probabilities for each of the outcomes. MacCrimon 
and Wehrung (1986) identified three basic elements of risks: probability, exposure and 
consequence. An important element in the evaluation of risk is the ability to precisely 
determine the probability of an outcome (Conchar et. al., 2004)). An established 
measurement of risk is based on the probability or frequency of an event and the 
magnitude of the impact of the event (Jia el al., 1999). Quantitatively this can be 
represented as the product of Probability and Impact (Pich et. al., 2002; Weber and 
Milliman, 1997). Risk, in general, can be defined as a collection of pairs of probability 
(or likelihood) (L) and outcomes (or impact) (0): 
Risk — { ft , 01). (12, 02),..., (Ln, On)) 
(where of and Li denote outcome i and its related likelihood respectively) 
The distribution pattern of the (likelihood; outcome) pairs is called as risk 
profile (Ayyub. 2003). In laymanterm, risk is normally associated with simply negative 
outcomes and losses (Math, 2011; Manning and Gurney, 2005; Deshmukh, 2007). 
Managing risk involves understanding the two dimensions of risk (probability 
and impact) and taking action based upon them. Therefore, risk management involves 
reducing, minimizing and controlling the probability and impact of negative 
occturence, and/or increasing the probability and impact of positive occurrence. A risk 
management process typically starts with identification of sources of risk followed by 
quantification/analysis and ends with the mitigation of risk through the risk response 
development Risk quantification is simply the multiplicity of probability (likelihood) 
and impact (consequences). 
2.2 Risk and Uncertainty in Agriculture 
Understanding agricultural risks and uncertainties are crucial in the context of their 
impact on agricultural production and livelihood, which affects massive rural 
population directly or indirectly, particularly in developing countries like India (Birthal, 
2004). A number of empirical and theoretical studies have been undertaken to 
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understand the complexities and risk of agricultural sector (Ali and Kapoor, 2008; Raju 
and Chand, 2008; Swati et. al., 2008; Tuney, 2001). Agriculture sector involves natural 
and economic reproduction, and it is influenced by a series of natural, economic and 
social factors, making it as high risk business (llardaker. 2000; Ilardaker and Hiume, 
20041- Empirical evidences acknowledge agricultural risk as a negative impact on 
outcome,, stemming from imperfectly predictable climatic, biological, geological, 
market and price variables (Jaffee et al, 2010; World Bank, 2005; Barnett, 2005; 
Hardaker, 2000), Few studies have also considered agricultural risk as an uncertain 
event that can lead to farmers' welfare losses (Vaswani, 2011; Rao, 2008; Ali and 
Kapoor, 2008). Agricultural risks can range from independent with local level impact to 
highly correlated risk resulting losses to communities at large (World Bank, 2011). The 
independent risks may include localized hail losses, an individual farmer's illness or 
death while highly correlated risks may include drought, flood, declining commodity 
prices, rising input prices. or market collapse. 
The farm producers, particularly in developing countries, operate in an uncertain 
decision-making environment, where they are plagued by imperfect knowledge and 
information while deciding what, when, how and where to plant crops (Math and 
Ahmad, 2011; Ali, 20081. Imperfect knowledge and information affects decision-
makingas lack of information creates an ambiguous situation for a decision maker 
(Ghosh and Ray, 1997). In agricultural systems, risk is present in each and every 
management decisions, as a result of price, yield and resource uncertainty (Gomez-
Linton ct al. 2002). Risk taking requires confidence in decision choices. According to 
Heath and Tversky (1991). ambiguity can erode the confidence due to lack of 
information. The uncertainty also inherent in biological production process of crops 
such as weather, pests, and disease that are pan of the natural resource endowment of 
any farm's environment (Bonnen and Schweikhardt, 1998). Risk associated with post-
harvest crop losses in the processes of handing, storage, and transportation is of serious 
COMM. impacting food security in developing and poor countries (Kumar and Nath, 
2010). Farm producers are also exposed to uncertain access to markets and high price 
risks which often occur. or are accentuated by inefficiencies in markets or policy 
interventions (ESFIM, 2011). 
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A typical agri-food supply chain encompasses various stages of agricultural 
system such as input supply, production. postharvest, storage, processing, marketing 
and distribution and follows a 'farm to fork' structure. According to Grabowski and 
Roberts (1997), each individual supply chain entity is an autonomous enterprise, yet is 
also interdependent upon each other. A single impact at any point may affect the whole 
supply chain through disruption in flow of agri-food products, finance or information 
(Mishra. 2011; Juttner, 2005), One factor that complicates the situation and increases 
the magnitude of risks within supply chain is the perishability. Fruits and vegetables are 
highly perishable; therefore Roils and vegetables supply chain suffers from maximum 
inefficiencies (Ahya, 2006). 	Furthermore, agricultural supply chains in many 
developing countries comprises millions of small scale farmers (<2 ha), who are not 
well structured and organized in the supply chain. However, lack of proper strategies 
and incfticicncics in organizing an effective supply chain are resulting in huge value 
loss both in terms ol'c uality and quantity for the large number of farmers. 
The evaluation of literatures leads to the conclusion that the common features in 
the various paradigms relating to agricultural supply chain risks typically incorporate 
the issues of unpredictability, decision making and potential loss. 
2.3 Approaches of Classifying Agricultural Risks 
In literature, there are several approaches to classify risk and vulnerability sources 
(OECD. 2011; Asbjomslett, 2009; Simchi-Levi et al.. 2008; Acharya, 2006; Hardaker 
or al., 2004; van der Vorst and Beulens, 2002; Moschini and Henessy, 2001; World 
Bails, 2000; Harwood et al.. 1999; FAO, 1997). Risks in agriculture, which perpetuate 
poverty and food insecurity, are both natural as well as induced by human processes 
(Acharya, 2006). Natural risks in agricultural have dilibrent origins: climatic' hydro-
meteorological (hail, drought, flood, landsides, frost, tornados, hurricanes, heat waves, 
and storm surges), biological (diseases and insect infestations), environmental (soil 
erosion, damages to flora and fauna), and geological (earthquakes, volcanic eruptions, 
and tsunamis) (Wenner, 2005; Zorilla, 2002; OECD, 2000). While mum-induced risks 
can be traced to financial crises. collapse of legal institutions and changes in 
international trade and policy environment (Ondersteijn et al, 2006). 
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FAO (1997) broadly categorized agricultural risk sources in terns of external, which 
originate from outside the farm and internal sources of risk that arise inside the 
agriculture system (Koh and Saad, 2004). Major external sources of risk relate to 
uncertain turbulence in the natural, social, economic, policy and political environments 
in which the farm system has to operate (Van Landeghem and Vanntaele, 2002; 
Hardaker et at., 1997; Beal 1996; Fleisher 1990). Internal sources of risk mainly related 
to health or interpersonal relations between farm-household members as influenced by 
personality, changing values, attitudes and aspirations (Van der Vorst et al., 1998). 
Harwood el al., (1999) classified sources of agricultural risks in terms of 
production, marketing. financial, and Institutional Ahmed (2011) added human 
resource risk in the above list. They described production risk resulting from 
uncertainty about the levels of production whereas market risk caused by potential 
volatility in input-output prices of crops. Market risk also includes uncertainties from 
the markets such as the conditions imposed by the contractors. Financial risk is related 
to the variability of interest rates or of the value of financial assets, and the non-
availability of credit when required. Legal risk associated with legal responsibility of 
farmers in relation to their production and collapse of the legal institutions. Human 
resource risk is primarily related to lack of labour or skilled labour availability, family 
violence, illness or death of faun family members. Changes in policies and laws such as 
environmental requirements generate institutional risk. 
Holzman and Jorgensen (2001) and World Bank (2000) classified agricultural 
risks into three broad categories: micro or idiosyncratic risk, meso-risk or covariant and 
macro or systemic risk. Micro or idiosyttaatic risks that affect individual farmer or 
household are related to field specific problems, illness or death of a family member. 
Meso or covariate risks affect a whole community or group of households. Macro or 
systemic risk affects whole region or county and related to factors such as war and 
financial crisis (Zhang et al. 2007, Ok rmrnadesca, 2003)_ 
Moschini and I lenessy (2001) made a distinction by classifying sources of 
uncertainty in agriculture. They pointed out Ibur important sources of risk - production, 
price, technological and policy uncertainty Production uncertainty is due to quantity 
and quality of farm output that will result from a given bundle of production decisions 
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are not known with certainty. Price uncertainty is due to uncertainty about the prices of 
term output at the time of production decisions are taken. Technological uncertainty 
can arise because of evolution of new production technique that may make quasi-fixed 
past investments obsolete. It may also arise due to the new technology, which is not 
demonstrated at the farm level. Agriculture particularly in developing is subject to high 
Government interventions. Consequently, any unfavourable changes in agricultural 
policy may create risk for agricultural investment. 
Hardaker or al. (2004) and Huirne et al. (200)) differentiated between business 
risks and financial risks, can be used for most agricultural risks. Business risk includes 
production, market, institutional and personal risks. Production risk is due to 
unpredictable nature of the weather and to the uncertain performance of crops. Market 
risk is attributed to uncertainty in prices of farm inputs or outputs. Institutional risk is 
due to uncertainty about the impact of government policies on farm profits. Business 
risks furthermore include personal risks, which are related to uncertain life events such 
as illness or death of farmer. Whereas, financial risks refer to the risks related to the 
way a farm is financed. Moreover, financial risks may originate from rise of interest or 
due to unavailability of loan 
OECD (2011) study has identifies three layers of risk faced by producers as 
normal, marketable and catastrophic risks depending on frequency, scale, intensity, and 
duration. Normat risk is frequent but not ton damaging such as small variations in price 
or yield. 1arketahle risks have intermediate levels of frequency and magnitude of 
losses such as hail damage. Both, normal and marketable risks can be considered as 
non-catastrophic affect localized areas or sometimes only a few farms. Agricultural 
catastrophic risks are related to extreme but infrequent events so have low-probability, 
but have relatively serious negative agricultural economic consequences (Lei and 
Qiaoa, 2010). Flood, drought or disease outbreaks arc considered as major catastrophic 
risks. 
Any classification of risks underlies the fact that an individual farmer faces 
different often simultaneous sources of risks across agricultural supply chain (Zsidisin, 
2003). Risk sources as supply chain-related variables that cannot be predicted with 
certainty and that have impact on the supply chain performance (Jutmer el al., 2003). 
44 
Current debate on supply chain risk is a holistic and an integrated approach to 
understand agricultural supply chain risks is relatively new field. Supply chain risk 
literature has emphasised primarily on the downstream or demand side of risk (Chopra 
and Sodhi, 2005: Lee et al., 1997). Downstream events are generated by customers, 
such as dramatic changes in food quality, variety and nutrition due increasing concern 
and awareness on food safety issues highlighted by mass media (Ali and Nath, 2009; 
Brewer and Rojas. 2008: Caswell, 1998). Consumers across the world are taking 
unprecedented interest in the way lbod is produced, processed and marketed and are 
increasingly expecting from the governments to introduce proper food safety 
mechanism to ensure that safe food reaches the market (FAO, 2003). On the other hand, 
there are very limited researches that examine upstream or supply side of risks in 
agriculture (Ali and Kapoor. 2008). 
1)ue to drastic changes in agricultural production environment, such as weather 
pattern, climate change, socio-economic and institutional changes, the producers find it 
difficult to respond and meet the expected demand. There are however, few studies that 
holistically examine risk across the agricultural supply chain. Of particular interest in 
the present study is 'upstream agricultural supply chain risks' which refers to risks 
associated with inbound processes of input supply, production, post harvest and 
marketing. and the subsequent impact on farmers (Figure 2.3). 
Figure 2.3: Ishikawa diagram - supply chain risk categories and impacts 
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2.4 Sources of Agricultural Risks in India 
2.4.1 Input Risks 
Risk plays an important role in the investment decisions of farmers and input choices 
(Knight cl al. 2003). The risk inherent in adoption to a new technology or input choices 
affects farmers differently depending on their attitudes towards risk and capacity to 
absorb the rusks (Liu, 2008; Isik and Khanna 2003). Developing countries' farmers 
particularly small-scale and poor producers face considerable risks in their farm 
investment and input choices due to lack of timely availability, affordability. 
accessibility of modern inputs and farm technology (Ali and Nath, 2012). As crop 
production requires huge investments in farm inputs, any stress on availability at These 
inputs may disrupt the overall production system and supply chain. Ali (2008) based on 
survey of 642 fruits & vegetables growers in Uttar Pradesh (India), concluded that a 
majority of producers were stressed due to lack of timely and adequately availability of 
improved seeds, fertilizers and power supply. This ultimately affected the output and 
fium income. The adoption rate of new farm technology in developing countries is also 
very poor as compared to developed ones. According to 59 h`  round NSSO report, in 
India, only 46% farm households adopted improved/HYVS, and 76% uses chemical 
fertilizers in Kharif season. The seed replacement rate is also very poor as only 30% 
households replace every year, 32% every alternate year, 21% after three year, and 
remaining 17% after four years or more. furthermore, only 40°% households have 
access to information on productive farm technologies that indicate towards poor 
extension services in the country. In addition, small-scale and poor farmers who are 
primary stakeholders ur agriculture, find it more difficult to get modem inputs mainly 
due to lack of capital, collateral problem, high interest rate, and mounting input prices. 
Lack of increase in the prices of agricultural products compare to agricultural 
inputs is one of the major causes of farmers' suicide in cotton-growing region 
Nidharbha (the eastern region of Maharashtra state, India) (Deshmukh, 2011). 
Monsanto's GM cotton seeds create a suicide economy by transforming seed from a 
renewable resource to a non-renewable input which must be bought every year at high 
prices. According to the National Crime Records Bureau (NCRB) data from 2010, more 
than 250,000 farmers have killed themselves since 1995. That is. two farmers a day for 
the past 15 years i.e. Every 12 hours one farmer commits suicide in India. Maharashtra, 
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Madhya Pradesh, Karnataka, and Andhra Pradesh are among the leading Indian states 
where farmer's suicide is very high. 
2.4,2 Production Risks 
Agriculture is often characterized by high variability of production outcomes due to 
several internal and external factors affecting the production process and yield. 
Production risks are associated with all events that make final production outcome 
uncertain when production decisions are taken. The production or yield risks arise due 
to biotic and ahiotic factors in the short run, and potential climate changes, inefficient 
support infrastructure etc., in the long run. Major sources of production risks are 
weather, climate change, pests, diseases, the interaction of technology with other farm 
and management characteristics, genetics, machinery efficiency, and the quality o(' 
inputs (Skees et al., 2006). 
2.4.2.7 Weather and Climate Change 
Of all risk factors affecting agricultural production and especially crop production, 
weather is typically the most significant (Mirinda and lredenov, 2001). Weather 
phenomena are hard to predict therefore is considered as a major source of uncertainty 	- 
in agriculture. Weather is significant in every phase of agricultural activity from the 
prepatory tillage to harvesting and storage. Weather in its many attributes — rainfall, 
temperature, and sunlight - is an input into the production process. Climate change 
which refers to a change in the state of the climate is altering the frequency and severity 
of extreme weather and climate events such as droughts. wildfires, storms and floods 
affecting agriculture in a variety of ways (IPC'C, 2012; Cline, 2008). Production and 
productivity of almost all crops depends on weather patterns in a particular area. Hence, 
any change in weather pattern due to increase in global temperature may affect 
productivity and, thereby threaten food security (Sushil and Nath, 2010). Besides, 
alterations in the soil moisture storage, pests and wends, water availability and other 
such factors brought about by climate change may also affect productivity (Dasgupta 
and Sirohi, 2010; Kaur and Handal, 2008; TERI, 2002). In semi-arid and and areas, the 
length of growing seasons and the yield potential are expected to be decrease 
(Sivakumar and Stefanski. 2008). In Asian regions, researches have concluded a mix of 
possible impacts of climate change, in short term. It is projected that crop yields could 
increase up to 20% in East and Southeast Asia while they could decrease upto to 30% 
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in Central and South Asia, by the mid-21st century (Sivakumar and Stefanski, 2008). 
Thus, the climate change may increase regional disparities in food production. 
In India, the impact of climate change as indicated in some simulation studies 
that a 2°C rise in temperature may reduce the potential yields of fbodgrain (mainly 
wheat and rice) by about 15-17% in north India (Hundal and Kaur, 2007; Aggarwat and 
Sinha, 1993). Another study by Geethatakshmi and Dheebakaran (2008) resulted that 
temperature and precipitation changes may reduce the rice yields (during the kharif 
season) by 10-15 percent by 2020 in the stale of Tamil Nadu. By 2050, the study 
projected to aggravate further 30-35% decline in the magnitude of yield. At the country 
level, a substantial decrease in wheat production is likely to occur if the existing pattern 
of climate change continues. 
24.2.2 Pests and Crop Diseases 
The effects of climate change on pests and pathogens have been evaluated in some 
experimental and modelling studies (Admassu or al., 2008; Garrett et al., 2006; Woods 
et al., 2005). Recent researches have resulted that global crop losses due to pests and 
insect estimated highest I0.8 percent while in developing countries this figure reaches 
upto 17.5 percent (Dhaliwal et al., 2010). In India, the annual average crop losses due to 
insect pests and diseases are estimated to be 18 percent of the agricultural output 
(Bitthal, 2004). In particular to vegetables, it is estimated to be upto 30 percent of the 
total vegetable output (Alain, 2001). In term of monetary loss in India, pests and insects 
together causes an annual huge loss of Rs. 8,63.884 million (Dhaliwal et al., 2010). 
2.4.2.3 Natural Disasters: Droughts , Floodv and Tsunami 
There is impact of extreme natural events such as droughts, floods, and tsunami which 
frequently accumulates into setbacks of development gains in poor and developing 
countries (Rao. 2010). Drought is the single most common cause of food shortages 
particularly in developing countries. In India, an agricultural drought is defined as a 
period of 4 consecutive weeks of (meteorological) drought in the period from middle of 
May to middle of October or 6 such consecutive weeks during the rest of the year 
(Rantaswami et al.. 2003). On the other hand, the Indian Meteorological Department 
([MD) is given a different definition based on rainfall deficiency. It defines drought as a 
situation when the deficiency of rainfall in an area is 25°/a or more of the normal. When 
the deficiency of rainfall is more than 50% of the normal, it is termed as severe drought 
Areas where the probability of drought is at least 20% of the time period are classifie 
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as drought areas while areas where probability of drought is at least 40% are chronic 
drought areas. 
As per Government of India reports, about 68% of the country is prone to 
drought in varying degrees Most of the drought-prone areas are found in arid, semi-
arid, and sub-humid regiona of the country, which experience less than average annual 
rainfalli.e.1200 mm (slightly more than the global mean of 99(1 mm).The most 
immediate consequence of drought is a fall in crop production, due to inadequate and 
poorly distributed rainfall (Toulmin. 1986). Drought was one of the major factors 
contributed to low and unstable rice production and affecting 20% of the total rice area 
in Asia (Pandey at al., 2007)_ In eastern India (Orissa), significant yield loss in rice 
production in major drought years was estimated by Pandey and Bhandari (2007). Low 
rainfall also causes poor pasture growth which may lead to a decline in fodder supplies 
from crop residues. The ultimate effect of a fall in crop production and fodder is to 
reduce the draft capacity of the farming sector, leading to lower crop output in the 
subsequent farming season. However, each drought event is unique in terms of drought 
intensity, impact on economy, and ability of individuals and society to cushion the 
losses (Markandya and Mysiak, 2010; EPA, 2008)- 
Floods are other dangerous events that are caused naturally by the overflow of 
the huge volume of water, from rivers, lakes, oceans, or by heavy rains. India, being a 
peninsular country and surrounded by the Arabian Sea, Indian Ocean and the Bay of 
Bennal, is quite prone to flood. As per the Geological Survey of India (GSI), the major 
flood prone areas of India cover almost 12.5% area of the country. Of the different 
natural hazards affecting large extent to the country' geographical location, flood is the 
most recurring, widespread, and disastrous (Kale, 2003, 2004). The number of people 
affected by flooding in India by hydrological disasters overwhelmingly exceeds that by 
meteorological, climatological, and geophysical disasters (Scheuren, 2008; 
OFDA/CRED). Crop damage is one of the worst damages caused in floods. Major 
flood prone areas in India are the river banks and deltas with major states like West 
Bengal, Orissa, Andhra Pradesh, Kerala, Assam, Bihar, Gujrat, Uttar Pradesh, Haryana 
and Punjab. In addition, agricultural production in many coastlines in the world is 
always at risk from tsunamis. The tsunami that struck South-east Asian countries in 
2004 destroyed the agriculture as a whole in the affected coastal areas. In Tamil Nadu 
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(a coastal area province in India), as high as 30,000 hectares of cauvery delta area has 
turned saline, making the land unfit for cereal cropping (Jayashree, 2004). 
More dangerous, the recurring tsunami hits coastal areas and affects lives & 
Livelihood of coastal people. The tsunami that struck South-east Asian countries in 2004 
destroyed the agriculture as a whole in the affected coastal areas. In Tamil Nadu (a 
coastal area province in India), as high as 30.000 hectares of cauvery delta area has 
turned saline, making the land unfit for cereal cropping (Jayashree, 2004). 
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2.4.3 Post-harvest Risks 
Risk associated with post harvest crop losses in the processes of handing, storage, and 
transportation is of serious concern, impacting food security in developing and poor 
countries (Kumar and \lath, 2010). Post-harvest loss refers to both quality and/or 
quantity losses between the moments of crop harvest and its consumption. Crop losses 
occur at all stages of the post-harvest handling, including pre-processing, loading and 
unloading. transportation, storage, and packaging & marketing. 
According to an estimate provided by Food Corporation of India (FC[) in reply 
to question posed by RTI activist Dev Ashish Bhattacharya, over 10 lakh tonnes of 
foodgrain was damaged/lost in the godowns of government owned agency which is 
responsible for procurement and distribution of toodgrains across the country. 
According to this estimates, about 1.83 lakh tonnes of wheat, 3.95 lakh tonnes of rice, 
22 thousand tonnes of paddy and 110 tonnes of maize were damaged between 1997 and 
2007_ This amount of foodgrain could have fed over 10 million people in a year. The 
quantity of annual foodgrain damaged in India averaged at 055 lakh tonnes (Kumar 
and Nath, 2010). Ironically another 2.59 crore was spent just to dispose-off the rotten 
food grains (The Financial Express, November 7, 2010), Post-production losses are 
significantly high particularly in high perishable nature of crops like fruits and 
vegetables (Ali and Kapoor, 2008). Poor postharvest handling and lack of quality 
control practices compromise both the quality as well as increase the risk of food borne 
pathogen contamination. World-wide postharvest losses account for 10-50% of 
harvested vegetables - a significant waste (Schnitzler, 1998). In India, about 30% of 
the fruits and vegetables grown get wasted annually due to gaps in the cold chain 
(Maheshwar and Chanakwa, 2006). 
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Lack of sorting facilities, poor packaging, and unavailability of cold storages in 
close proximity to terms and poor processing & marketing infrastructure add to the 
deterioration of these perishables (Pulaune, 2008). This results in instability in prices, 
farmers not getting remunerative prices, rural impoverishment resulting in farmers' 
frustrations and suicides (Maheshwar and ('hanakwa, 2006). Like other agricultural 
crops, high perishable horticultural products have a seasonal production cycle with 
abundant supply at harvest time. Local markets are thin to absorb production, and 
higher value products often justify the higher cost modes of transport in distant markets 
when timely delivery is paramount. Also, crop prices are volatile and usually at their 
lowest in harvest season and reaches peak when the surplus crop was sold by farmers. 
2.4.4 Marketing and Price Risks 
Market risk refers to uncertainties associated with prices of inputs and outputs. It also 
includes any other uncertainties from the markets such as the conditions imposed by the 
contractors, and logistics & supply chain dffficutties. and risk associated with access to 
finance to support trading activities. Output price variability originates from both 
endogenous and exogenous market shocks (Shilpi and Umali-Deininger, 2007). 
Segmented agricultural markets will be influenced mainly by local supply and demand 
conditions, while more globally integrated markets will be significantly affected by 
international production dynamics. Price risk depends on extent of exposure to market 
forces as well as existing market institutions (Selvaraj and Ramasamy, 2006). Although 
production risks cause price risks, the latter is not just because of production risks 
alone. Prices can also vary because of demand shocks as well as instability in 
expectations formation. In particular. greater vertical and horizontal integration, higher 
and more stringent quality standards, new types of contractual arrangements and market 
institutions, result in a higher risk of market exclusion for smallholders (Mahendran et 
al., 2011). On the other hand, both smallholders and other actors in agricultural supply 
chains tend to face greater risks and transaction costs in dispersed chains than in more 
integrated ones (FAO, 1997). 
the nature of agricultural market has significantly changed with pronounced 
volatility of international markets for agricultural commodities over the past few years 
appear to have intensified concerns about price risk among farmers (Tangermann, 
2011). The balance of supply and demand determines crop prices. Variability in prices 
is therefore either due to variability in supply or demand or both (Ramaswami et al, 
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2003). However, if the variability in either supply or demand is anticipated, so can be 
the resulting variability in prices. As a result even it prices are variable, they are not 
risky for farmers as they are anticipated it the time of planting. According to 
Ramaswami et al. (2003), demand shock can be sizeable for industrial crops like cotton 
and jute as their demand is derived from the industrial sector which is subject to 
business cycles in industry. Whereas, supply shocks are because of production or yield 
risks (FAO, 2008). The impact of yield risks on prices depends on the elasticity of 
demand. A demand is said to be inelastic if an increase in price does not fall much in 
demand. On the other hand, demand will be elastic when an increase in price decreases 
demand considerably. 
Generally, at the famrer level, price or market risk results from changes in 
prices of outputs or of inputs after a production decision has been taken (Dercon, 2002; 
Schade et al., 2002.). The price changes may result from different sources such as 
variability in supply and demand on domestic and world markets, change in agricultural 
policy and change of consumer behaviour (Ileidelbach or al., 2004). Excessive volatility 
of input and output prices makes it more difficult for farmers to undertake long-term 
planning (PC, 2011). Over the years, input costs have, on average, increased more than 
output prices, leaving farmers with a 'squeezed margin between revenues and input 
costs. In developing countries like India, the producer gets the lowest price and the 
ultimate consumer pays the highest as the involvement of more middlemen in the entire 
distribution process who keep the margins and move the produce further (Barnett et al., 
2005). As it is well known more the number of mediatury more will be the costs as each 
transaction incurs expenses and invites profits. Eventually, when it comes to the 
producer the cost of the produce goes up steep (Fuentes, 1998). Further, with the 
growing commercialisation of as iculture, the magnitude of shock due to unfavourable 
eventualities is increasing and the need to protect farmers against production and 
income losses is becoming stronger (Satyasai and Viswanathan, 1997). 
Price risk is the risk of price decrease or increase after a production 
modification has been made (OECD. 2009). 	Price volatility increases income 
uncertainty (Laanemetsl, 2011). In integrated markets, a reduction in prices is generally 
not correlated with local supply conditions and therefore price shocks may affect 
producers in a more significant way. Another kind of market risk arises in the process 
of delivering production to the marketplace IPokhrel and Thapa (2007). The inability to 
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deliver perishable products to the right market at the right time can impair the efforts of 
producers. The lack of infrastructure and well-developed markets make this a 
significant source of risk. 
For agricultural commodities which can be stored such as wheat, rice, pulses 
and coarse cereals, stock changes may dampen the price fluctuations. Stakeholders 
stock he commodities when price is low, expecting to be able to sell later at a higher 
price, as a result covering the cost of stockholding and making a profit. This additional 
demar_d from stockholders dampens the price decline. In contrast, al high prices stocks 
are run down, so providing additional supplies that moderate the price increase. 
However, once stocks are run down they can no longer contribute to dampening the 
price increase. Wright (2009) explained that the fluctuations in market prices of 
storable agricultural commodities, hence, exhibit a typical asymmetric attribute, where 
frequent fluctuations around the average are interrupted by occasional sharp upward 
price spikes but not equally pronounced downward troughs. 
Table 2.4: Sources of risk in aericulture and buricultura1 simply  chain 
Risk Sub-categories of risk References 
Categories 
Input Risk Lack of availability and accessibility & adoption of Vaswani (201 I), Ali and Kaponr 
critical inputs, poor quality, lack of capital, lack of (2008). Ibitayo (2006),Hardakcr 
collateral, high interest rate on loans, Increase input (2000), Lapan etal. (1991). 
ices. 
Production Weather uncertainties. climate changes. Gregory et al, (2009), Buez et a1. 
Risk i usuffmient.lhc aged rainfall, fallen undorground wntcr, (20119), Raju and ( hand (2008), Ali 
inefficient support in in Intel,.re, CaL of irrigation and Kapm3r (21)08), Rao (200ft), 
fuuilities, diseases including nmwonmgious diseases. Lourdes and Fell no (2007), Barnett 
termites attackdnsects. pests, lack of technical and Mahal (2007), Barnett (2005), 
skills/GAP, over-cultivution, personal hazards l ilIncsv, Piegxli (2001), FA0 (2001. 
death), family conflict & violence, lack oCreliabie Haggett, (2001). Tureey 
taboudcxpensive Labour/high labour migration, genetics, (2001)Huimect al. (20001- 
traditional farming methods, frost, hail/tempest, flood, 
drought. assets risk.  
Post-harvest Perishability. Poor handling, lacbprr packaging, lack at FAO t 2011), Kumar et a (20 I I1, Ali 
Risk sorting /grading, lack of processing techniques, lack/poor and Kal uor (2008), Ba avraja e I al. 
transportation facdlties lack/poor storage facility/cold (2007). Rujagopal (2002), Raghavan 
chain, lack'poor quality control practices, post harvest (2002), Deshpande and Singh 
losses. (2001)- Na a et al. (2000). 
Vbswani 201 I). OECD (2009), Ali Marketing 	Inaccessibility ofntxrkel?lack of market linkages. 
& Price infrastruclural bottlenecks, high marketing costs, and Kaponr (2008), Shilpi and 
Risk variability in input r output prices. changes in trade Umuli-Deiniugcr (2007). Pokhrcl 
policy/marketing regulations, lack of' market intormation, and Thalia (2007), Fatchamp and 
exploitation by middlemen, lack of dscn..Itratory I hill (21)05), 4lazdnker of at (2004), 
pricing for quality/graded produce, lour c.unomies of Chambers and Quiggin (2003), 
scale & bargaining power, new market,. Holzmarn and )orgersen (2001), 
Himwanger and Rozensweig 0994), 
Holthacrm (1979), 
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The multiplicity and diverse sources of risks make farming decisions more 
complex to tackle, and pushes the producers into the vicious cycle of low livelihood 
Furthermore, the types and sources of risks are interrelated in nature. which a serious 
methodological limitation in designing risk management strategies. 
2.5 Review of Risk Management Approaches! Strategies in 
Agriculture 
Risk is an integral part of agriculture. Over the past few decades, the agricultural risk 
environment is changing fast with increasing frequency, scale, intensity, and duration of 
agricultural risks of all sorts. In order to manage agricultural risk, it is essential to 
recognize the extent likelihood and consequences of the risk (Nortman and Lindroth, 
2004). [here are growing number of literatures on quantifying and managing risks in 
agriculture, particularly from developing countries in light of the need to improve 
agricultural production to meet the food security, poverty reduction and providing 
industrial raw materials (Kumar and Nath. 2010, Ali and Kapoor, 2008). Ali and 
Kapoor (2008) emphasised the need for better understanding of cross-cutting issues and 
multiple approaches to managing agricultural risk. Risk management has also become a 
major policy issue in recent and on-going agriculture policy reforms in many 
developing countries including India. 
Suhaiza and Nyoman (2009) pointed out that although supply chain 
management has always had a strong emphasis on risk, the notion of supply chain risk 
management has gained momentum in recent years due to increasing supply chain 
complexity. Risks can be seen as relating to the probability of uncertain future events 
which have a devastating impact on each stage on the supply chain. Therefore, 
objective of risk management is to decrease the probability and impact of adverse 
events. On the other hand, any event Unit could have a positive impact should be 
exploited (Ganliner, 2005). According to Gray and Larson (2008) risk management is a 
proactive approach rather than reactive approach. Risk management approaches in 
agriculture can be distinguished according to whether they are undertaken before (ex 
ante) or after an event (ex post) (World Bank, 2005). 
Ex-ante strategies are designed to avoid the risk from occurring (risk 
prevention), or, if this is not possible, to reduce its impact (risk mitigation) or limit 
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exposure to risk (Hoogeveen et al., 20)5). Among the ex ante reactions, it can also be 
important to highlight the differences between nn-farm strategies and risk-sharing 
strategies in order to design risk management strategies (Anderson 2001). Ex-pot risk 
coping strategies are designed to relieve the impact of the risk once it has occurred. 
Various formal and informal mechanisms are available to manage agricultural risk for 
both cx ant and ex post periods. According to World Development Report (2001) 
informal strategies are identified as "arrangements that involve individuals or 
households or such groups as communities or villages," while formal arrangements are 
"market-based activities and publicly provided mechanisms." 
Risk response strategies as recommended by various literature including the six 
sigma body of knowledge may include avoidance, reduce, pool, transfer or acceptance 
of risk (USDA, 2009:. Hillman, 2006; Sheffi. 2005:. Rudi, 2001; Johnson, 2001). An 
effective risk management relies on an optimal combination of technical and financial 
tools (Iturrioz, 2009). The strategies used by farmers to address the financial 
consequences of risk generally can be categorized as risk mitigation. risk transfer, risk 
diversification, and management of retained risk tibarra and Skees, 2007). 
Mitigation refers to actions that alter the chances of an event occurring. For 
example, irrigation and pest management are widely used risk mitigation mechanism by 
farmers that reduce either or both the probability of a Loss occurring and the severity 
resulting from a loss event. Shifting risk from one to another p,uty by means of 
insurance and futures markets am famous market based risk transfer mechanisms. Risk 
diversification which refers to a production mix or mix of activities is very common 
mechanism to diminish the impact of risk on producers' welfare (Ali ,tad Math, 2008)_ 
Apart from these, producers also retain some degree of risk exposure and use additional 
strategies for smoothing consumption across time. 	 , 
According to Jaffee et al (2010), each strategy for managing risk can be carried 
out through a variety of instruments, each iih different private and public costs and 
benefits, which might either increase or decrease the vulnerability of individual 
participants and the supply chain (Ali and Kapoor, 2U08; Miller et_ al, 2004; Clark, and 
Brinkley, 2001). When selecting a mix of risk responses, it is essential to consider the 
many links between risk management strategies and instruments (World Bank. 2011). 
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2.5.1 Ex-ante Strategies 
7.5.1.1 Informal illechanic,,zs 
Ex ante informal strategies rely on two main approaches: risk prevention and risk 
reduction or risk miligation- A farmer can also simply avoid risk, as extreme poverty 
make them very risk averse, often avoiding activities that entail risk but that could also 
bring larger income gains (Ritchie and Brindley, 2007). This inability to manage risk 
and accumulate and retain wealth is sometimes referred to as the the poverty trap" 
(World Bank 2001). Risk reduction strategies may include diversification of income 
sources (such as such as through off-farm employment and migration); and choice of 
agricultmml production strategy through investments in hazard-resistant technology 
(such as irrigation systems and pest-resistant seed varieties) (World Bank. 211115)- 
Rosenzweig and Stark (1989) reported that farm households with more farm 
profit volatility are more likely to have a family member engaged in steady wage 
employment. Buffer stock accumulation of crops or liquid assets, and the use of credit 
present obvious means for households to smooth consumption (World Bank. 2005). 
The households with substances consumption prefer to plant traditional varieties of 
crops than to riskier, high-yielding varieties (HYVs) (Morduch, 1995). Crop-sharing 
arrangements in land renting, sharing agricultural equipments including irrigation 
sources can also provide an effective way of sharing risks between individuals, thus 
reducing producer risk exposure (Hazel I, 1992; Balcombe, 2009; SzAkely and Palinkes, 
2009). Also, community-level risk pooling occurs in specific communities where 
members of the group transfer resources among themselves in order to rebalance 
arginal utilities (World Bank 2001). 
2.5.1.2 Formal Mechanisms 
Agriculture has always been considered by Government as strategic sector particularly 
in developing countries, given that food as a basic requirement (Raju and Chand, 2007). 
Various initiatives have been taken by Government through various programmes am 
schemes in order to provide succour to farmers facing the adversity. Various market 
based mechanisms are also available to farmers in order to manage their agrieultur 
risks. FAO has classified the comprehensive agriculture risk management framewor 
into three categories. 
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1. Direct initiatives on the part of the Government, such as rural infrastructures 
development (roads, dams, irrigation systems), farm management advice, supply 
of quality inputs, agricultural extension services and farm training, 
2. Indirect initiatives on the part of the Government to mitigate production risks 
through insurance mechanisms covering crops, weather and livestock and 
including micro insurance. 
3. Market-based approaches to mitigate price or income risks, which include farm 
income insurance, commodity markets, contract farming, etc. 
2.5.1.2.1 Direct Government Interventions: Rural Dtfrasfructure Oevelopmenl 
Agriculture Infrastructure is the essential input for agricultural development and 
poverty alleviation (Venkatachalam, 2003: Ghnsh, 2006). As three to four percentage 
points of GDP in infrastructure investment, reduces poverty by 0.6 to I % annually 
(NABARD, 2010; Besley & Durgess 2003). 
Font et al. (1995) listed 12 components under the agricultural infrastructure 
services which arc. irrigation and public access to water. means of transportation, 
storage services, commercia infrastructure, processing infrastructure, public services. 
agricultural research and extension services, communication and information services, 
biotechnology, land conservation services, credit and financial institutions, and finally, 
health and education services. Covering to these. some of the major schemes are be'.ng 
implemented by Govt. of India in this regard such as Development and Strengthening 
of Infrastructure Facilities for Production and Distribution of Quality Seeds; National 
Mission on Micro Irrigation; Development! Strengthening of Agricultural Marketing 
Infrastructure, Grading & Standardisation; Gamin Bhandaran Yojana; and Rashlriya 
Krishi Vikes Yojana. Further, recognising the conscious need for ercaton of basic 
infrastrucwre to support agriculture, the Rural Infrastructure Development Fund (RIDF) 
was set tip in NABARD in 1995 96 in order to strengthening rural infrastructure with 
major focus on rural roads and bridges, irrigation, post-harvesting facilities, marketing 
infrastructure etc. This has resulted in improved productivity/efficiency, reduced 
production costs, and post-harvest losses, which further enhance income and 
employment for the farming community in the intervene regions. 
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I - 	NABARD (2010) in a RIDF evaluation study conducted in Maharashtra found 
that, due to improvement in transport and marketing infrastructures, farmers' access to 
market especially with reduced distance has induced changes in cropping pattern 
towards cash crops with higher yield. Further, the average reported saving in wastage 
was found 2.97 % of the marked surplus and the 20% the farmers have even changed 
their market places too to realize higher prices. The evaluation study in Uttar Pradesh 
reported average price gain of 22% and reduction in input price too at the farm gate. 
Likewise, economic rate of return (ERR) in irrigation projects varied from the 
minimum 16 % for a minor in Haryana to 149 Ye for a deep tube well in Gorakhpur, 
depending upon pre development situations of the area. 
i 	Rural roads and bridges open opportunities for new entrepreneurial activities 
that may include more dairy farming and fruits & vegetables shops due to linkage with 
outside consumers, purchase tractors, passenger and transport vehicles by the villagers, 
wage% trade opportunities outside the village. The economic rate of return (ERR) in 
roads and bridges project, it varied from 5% for road in Gorakhpur to 69% for a bridge 
in Orissa (NABARD, 2010). The other schemes like Mahatma Gandhi NREGA and 
Pradhan Mantri Grain Sadak Yojana (PMGSY) are also playing crucial role in 
improving the rural infrastructures development (Ministry of Rural Development, Govt. 
of India 2010). Furthermore, the Govt. established Biotech Parks which also plying 
vital role in raising the crop productivity through the application of biotechnology in 
agriculture like tissue culture, terminator gene technology and genetic cloning. 
However, there is a wide disparity in agricultural growth between different 
regions within country (FAO, 2008). Explaing to this, Venkatachalam (2003) pointed 
out that since the responsibility of providing infrastructure is with the state which aims 
at rapid growth of agricultural production for attaining other kinds of developmental 
goals such as poverty alleviation, there exists a tendency among the decision-makers to 
invest heavily in those areas where there is a potential for fast agricultural growth. 
2.5.1.2.2 Indirect Government Interventions: Crop/ Weather Insurance 
l 
Though agriculture risk management is a relatively new field in developing countries, 
there has been a surge of interest in new market-based and traditional risk management 
instruments and approaches in recent years (Ghatak and Pandey, 2000). Agricultural 
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Insurance is a means of protecting the farmers against financial losses due to 
uncertainties in agricultural production (AIC. 2008). Crop insurance which is a risk-
transfer mechanism also facilitates adoption of improved technologies, encourages 
higher investment resulting in higher agriculn,ral production (Ibarra and Slcees, 2007). 
Based on peril coverage, the agricultural insurance can be broadly categorized into two 
categories: single (offers protection from single hazard) and multi-peril coverage 
(protection from several hazards). In India, .nulti-peril crop insurance programme is 
being implemented, considering the overwhelming impact of nature on agricultural 
output and its disastrous consequences on the society, in general, and poor & small 
farmers, in particular (Raj u and Chand. 2007 
The Comprehensive Crop Insurance Scheme (GUN) which was in operation in 
the country since 1985 has been replaced by National Agricultural Insurance Scheme 
(NAISI which was introduced from the rabi season of 1999-2000. The broader 
objectives of NAIS are to protect the fanners from crop failure on account of natural 
calamities, such as, flood, drought. hailstorm, cyclone, fire, pest/diseases etc. so as to 
restore their credit worthiness for the ensuing season. The scheme is operating on the 
basis of both area approach', for widespread calamities, and individual approach', for 
localized calamities such as hailstorm and landslide. It envisages coverage of all food 
crops (cereals, mallets and pulses), oilseeds and annual horticultural !commercial crops, 
in respect of which past yield data is available for adequate number of years. At present 
this scheme is being implemented in 25 States and 2 Union Ierritories (UTs) with an 
average performance. According to ministry of Finance (Govt of India), since inception 
of the scheme to March 201 I about 176 million farmers have been insured, covering an 
area of 269 million hectares for a sum insured value of Rs. 2.21,213 crone, against a 
premium of Rs. 6589 crore, Claims to the tune of about Rs. 22190 crore have been 
reported so far benefiting nearly 47.6 million Ihrners representing a claim ratio of 
1:3.37. Due to some limitations, the NAIS has been revisited as modified NAIS 
(MN.AIS) has been formulated, incorporating the necessary changes (modifications in 
consultation with states to remove the deficiencies and make it more comprehensive 
and farmer friendly. 
Considering the high variability and uncertainties in weather, Weather based 
Crop Insurance Scheme (WBCIS) was hmnched in the country in Kharif season in 
2007, aims to mitigate the hardship of the farmers from incidence of adverse conditions 
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of weather parameters such as deficit and excess rainfall, high or low temperature, frost, 
humidity etc. which are deemed to impact adversely the crop production. It has the 
advantage of settling the claims within shortest possible time. According to press 
Information Bureau Govt. of India, the coverage of farmers under WDCIS has gone up 
from 35 thousand in Kharif 2007 to 61.6 lukh in Khalif 2011. Claims worth Rs. 972 
crone have been settled so far. The overall coverage under the scheme is 1.95 crone 
tanners over an area of 2.78 crone hectares. 
In spite of various insurance schemes and programmes, in many developing 
countries including India, broad-based formal insurance markets are hindered by 
problems of imperfect information and costly enforcement (Rao, 2010). According to 
National Agriculture Policy India (2000), despite technological and economic 
advancements, the condition of farmers continues to be unstable due to natural 
calamities and price fluctuations. Raju and Chand (2007) found these unfavourable 
events as one of the factors leading to farmers' suicides which are now assuming 
erious proportions. 
Innovation plays important role in risk management and sustainable agricultural 
development (Leeuwis et al., 2006). Particularly. financial innovations in harming 
system are essential to reduce transaction costs and managing risk and so strengthening 
agricultural supply chain through the favorable impact on saving, investment and output 
(Math, 2009). Appropriate use of technology seems an important way to improve 
agricultural production and to dramatically reduce transaction costs. As a pioneering 
credit delivery innovation in India, Kisan Credit Card scheme was launched in 1998-99, 
aims at providing adequate and timely credit support from the banking system to the 
farmers for their cultivation needs including purchase of inputs in a flexible, hassle free 
and cost effective manner. Coverage of Crop Loans disbursed under KCC under the 
Rashtriya Krishi Bima Yojna (R KRY) provides insurance coverage and financial 
'support to the KCC holders in the event of failure of crops as a result of natural 
calamities, pests and diseases. The KCC holders are also covered under the Personal 
Accident Insurance Scheme (PAIS) up to Rs.50,000, in case of death or permanent 
disability resulting from accidents caused by external, violent and visible means. In 
such cases, the premium expenses arc also shared by the KCC holders, PACS and the 
CCB in the ratio 50:25:25 respectively (in specific to the state of Orrisa). According to 
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Ministry of Agriculture. Govt of India, in the year 2009-10, more than 90 lakhs cards 
(KCC) issued to farmers which amounted a total sum of Rs. 57678 ewre. 
2.5.1.2.3 Market-haled Approaches to Mitigate Price Risks 
The price risk refers to the probability of adverse movements in prices of agricultural 
products and commodities. Agriculture is a seasonal activity. Therefore, most of the 
agricultural produce arrives in the maser immediateiv after its harvest. As a 
consequence, commodity prices sink during the harvest time to their lowest level and 
start rising after that till the next harvest (Skees, 2001). Unfortunately, farmers 
particularly in developing countries do not have the ability to store their produce and 
wait for prices to become more favourable- Similarly, during the harvest, prices are 
relatively higher at places thither away liom the fields (Ali and Nath, 2008). However, 
the fanner does not have the capacity to transport his produce to such locations and take 
advantage of the higher prices. 
One way farmers have traditionally managed price variability is by entering into 
pre-harvest agreements that set a specific price for future delivery through forward 
contracts (World Bank, 2005). The forward and futures contracts are efficient risk 
management tools which insulate buyers and sellers from unexpected changes in future 
price movements (Lien and Quirk, 2002). While forward contracts are mainly over-the-
counter and tailor-made which are settled by physical delivery, futures are standardized 
contracts whose transactions are made in formal exchanges through clearing houses and 
,generally closed out before delivery (Sahadevan, 2002). Futures contracts are an 
improved variant of forward contracts. These contracts enable them to lock in the prices 
of the products well in advance. 
Futures market is a Noon to the fanners. F.vcn though farmers may not he 
directly participating in large numbers in the futures markets, the benefit of 
transparency in futures platform as regards price discovery accrues to them (Ali and 
Gupta, 2011). It gives farmers advance information and indications at the time of 
sowing, the price that can be expected at the time of the harvest and demand & supply 
conditions of the commodity traded (Lien and Quirk, 2002; Sahadevan, 2002). 
In India, the agricultural farm holdings are dominated by small and marginal 
farmer where farthing is often done on subsistence basis (Pasha, 1991). So, whatever 
benefits the farmers derive are likely to be indirect Direct participation of farmers in 
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commodity futures is something that does not occur even in developed countries like 
the US with over 100-year-old commodity futures markets and large t'arm holdings. 
There are strategies developed to bring fanners through aggregation (for instance 
HAFED hedged wheat on NCDEX platform). This kind of aggregation needs to be 
carried out on larger scale to bring in the farmers. Importantly, for commodity 
derivatives market to work efficiently, it is also necessary to have a sophisticated, cost-
effective, reliable and convenient warehousing system in the country. However, 
unfortunately it is scarcely recognized by those who represent the farmer's interests that 
futures market does not benefit directly to farmers and instead to traders who have the 
money power and networking capabilities. As the counterpart of the farmer, who would 
like to take advantage of higher prices in future or at a different place, there are 
consumers, traders, processors who would like to take delivery of the produce at a 
future date or at another place rather than on Ihr spot and at the time of the harvest. 
Contract farming offers another approach to market/price risk management 
particularly for small scale producers in developing countries. Contract farming is a 
partnership between agribusiness/marketing firms and farmers, and has both advantages 
and disadvantages to both the parties Birthal et al. (2005). Basically, involvement of 
four things is necessary for working of such contracts (a) pre-agreed price; (b) quality; 
(c) quantity (which can be in the forms of minimum and maximum acreage) and (d) 
time of delivery (Singh, 2002; Dhillon and Singh, 2006; Pan, 2000). For small-scale 
farmers, contract farming serves as an assured market for their produce at farm gate, 
reducing marketing and transaction costs and also price risk (Eaton and Shepherd, 
2001). Furthermore, in circumstances when farmers face problems in accessing inputs, 
technology, information and services, firms provide these as a part of contract and 
hence reduce uncertainty in their availability, quality and prices for the farmers (Rangi 
and Sidhu, 2000). Contract farming is often practiced in hig)1-value perishable 
commodities that are riskier than other crops (World Bank, 2005). Contract farming for 
foreign contractors that is popular in Indian states such as Punjab and Gujarat is now 
making inroads in Maharashtra too. There are a good number of in depth studies 
available in the literature on contract farming in the context of India. Pepsi's contract 
farming initiative in India has been a success despite the country not having any 
contract farming policy. 
62 
A swvey carried out by Nielsen in 2008 affirms that contract farming with 
PepsiCo has enhanced yield and farmers' incomes in the state of Punjab and helped 
reduce indebtedness. the report indicated that a majority of the PepsiCo farmers 
(96.4%) who had taken loans were of the opinion that contract farming with PepsiCo 
had helped reduce their debt. This is also due to the fact that 94 percent of the farmers 
felt the risk due to crap failure had reduced after adopting contract farming. PepsiCo 
has also developed a tractor-driven direct seeding machine which places the seeds at 
specified distance and depth and also applies fertiliser (Business Standards, June I1, 
20(0). However, farmer, being a weaker partner, is also prone to exploitation by the 
Firm (Shoja, 2009). Other controversies including over-exploitation of land, tendency 
towards monoculture, market dependence, asymmetry about sharing gains between firm 
and farmers (Erappa, 2006) 
2.5.2 Fx-post Strategies 
2.5.2.1 Informal Mechanisms 
If risk prevention and mitigation do not work, or not completely it leaves film 
households with the residual option of coping with the shock once it occurs (ex-post). 
There are various ex-post informal mechanisms to compensate for shortfalls in farm 
income: sell stored farm produce, liquidate assets, deferred social & family functions, 
receive transfers from relatives, off-farm woks and migrate to cities in search of work 
(Rosenzweig and Wolpin 1993). Semi-arid rural households in developing countries 
like India generate income from multiple sources which may includes livestock income, 
off-farm seasonal labour, and sale of handicrafts (Walker and Ryan, 1990). 
Gadgil ct al. (2002) found that southern Indian fanners are able to quickly shift 
from on-farm labor activities to largely off farm activities if the monsoon joins are 
expected to be poor or drought. In the mango growing Malihahad region in Uttar 
Pradesh (India), the mango growers generally avoid social and family functions in the 
non-crop years. Shift of correlated risk and risk sharing with households or institutions 
from areas largely uncorrelated with the local risk conditions through credit and transfer 
with distant relatives (Rosenzweig 1988; Miler and Paulson 2000); through rnigratiun 
and marriages (Rosenzweig and Stark 1989); or through ethnic netvscrks (Deacon and 
Grimard 1992) are well known informal mechanisms in developing world. 
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2. £2.2 Formal Mechanisms 
Ex-post risk-related formal measures to reduce the impacts of risk involves 
development of relevant infrastructure and adopting social schemes and cash transfers 
for relief aftershocks have occurred (Acts, 2008; Klcindorfer, 2008). Governments 
sometime forgive debts or provide formal safety nets such as subsidies, rural public 
works programs, and food aid to help farms (and their labourers) to cope with negative 
impacts of risky events. 
India subsidizes agricultural inputs iu an attempt to keep farm costs low and 
production high. Govt. of India pays fertilver producers directly in exchange for the 
companies selling fertilizer at lower than market prices. On the other hand, Irrigation 
and electricity are supplied directly to farmers by Govt. at prices that are below the cost 
of production. The agricultural policies result in effective subsidies to the farmer of 40 
to 75 percent for fertilizer and 70 to 90 percent for irrigation and electricity. Further, 
(here is a sharp increase in India's expenditure on input subsidies was recorded in 
recent years. According to Ministry of Chemicals & Fertilizers; and Central Electricity 
Regulatory Commission, the cost of India's agricultural input subsidies as a share of 
agriculture output almost doubled from 6.0 percent in 2003-042 to 11.6 percent in 
2009-10, driven mostly by large increases in the subsidies to tcnilizer and electricity. 
Even, India's agricultural sector is more dependent on input subsidies than that of the 
other large emerging economies. According to Ministry of Finance, Government of 
India, in calendar year 2007, India's input subsidies were equal to 9.6 percent of the 
value of its total agricultural output compared to less than 5 percent for Brazil, Russia, 
and China. 
In case of disastrous impact, waiver of crop loans and rehabilitation packages 
are also provided in the affected areas and farmers. Recently, the government has 
announced a package of Its. 2,000 crore to the farmers of cotton. soya, and paddy in the 
regions of V idarbha, Marathwada and Khandcsh (all in Maharashtra). 
A summary of literature on approaches and mechanisms of risk management in 
agriculture supply chain management is presented in Table 2.5. 
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Lx-unre 
Srrut'ic'~ 
Tabh ?.; 	roaches anil mechanism to risk management in a ricuhure 
Forrnrd,uechunirn 	Relerenees 
Injorurul ruechu►ris►n 	 IlurAt' tbused 	Publical t provided 
On furs► 	. ',\ )iding exposure to risk 
• r -1 diversification 
• 1 t, r roppmt 
• tip,plcr stock accumulation of crops 
• L:uuid assets 
• 'a risk and Ion return cropping patterns 
• In cstment in tarm machinery quipmcnts 
4 .\ iption of new production techniques 
t;nt0i1alion, irrigation, resistant varieties 
• Improved information ss'slern 
I 	Li bra 
\Cn\ion & training 
• Pest nnmagement 
Systems 
• Farm mana,ement 
advice 
• R & D programme 
• Infrastructures (roads. 
dams, irrigation 
s}'slgnd 
• Supply of quality 
inputs (iced, 
fertilizers etc.) 
Mcimissen. Iluune and Alexander 
and Marshall I'IHlhl, Jal1ee etal. 
(2) 8). Allen anti Schuster 121104,. 
Glauber (1(4), Skees ( 1991)), 
Alexander and 1larshall (2006), 
Anderson 12001 I: Townsend 
(21105). World Bank (?(N)I ), 
Alitadeh and Nomikos (11105), 
Balcomhe (20114!, Srckely and 
Palmkis 12009). Rikhic and 
Brindles (?(N)?), Acharva (21)06) 
Ex post 
Srrateaics 
Sharing. 
ri%A with 
other 
• Sharing food crop 
• )haring agricultural equipments'!rrigation sources 
Informal risk pool 
Risk 	• Selling assets 
Coping 	• Seeking temporary employment 
Migration to cities 
• Reduced consumption 
• DcferredIow social & f!mily functions 
• Borrow ine from relatives 
• Spread sales 
• Diversified finance 
• Off farm ork 
• Contract marketing 
• Futures & fornard 
markets 
• Insurance 
• Use of ICTs 
• Credit • Subsidies 
Credit 
• 11'aiter(cancellation) 
of crop loans 
• Rural isorks programs 
• Food aid 
• Social assistance & 
social funds 
• Cash transfer 
Jaffee el al. I?D((S), Anderson 1001: 
World Bank ?INII, Townsend 2005. 
Volker ( 201 I ),Walker (2008), 
Glauber (2144). Ali and Kapoor 
(2008). \1ilkkr ct al.12004) 
65 
2.6 Review of Methods, Tools and Techniques for Identification, 
Analysis and Evaluation of Risk 
There were various methods: tools and techniques adopted by different researchers in 
order to identify, analyse and evaluate the risk (Barnett and Mahul, 2007; Lourdes and 
Felino, 2007; Pokhrel and Thapa, 2007; Fafchanlps and Hill, 2005; Pingali, 2001; FAQ, 
2001; Rozensweig; 1993). Considering the nature and scope of the study, the methods 
tools techniques can be classified into two major categories as Look -up!" Supportive 
methods and statistical methods (International Electrotechnical Commission, 2009). 
Most of the methods. techniques % tools have their own limitations in terms of risk 
identification, analysis and evaluation. An evaluation of all the methods and tools/ 
techniques in terms of its applicability for risk identification, analysis and evaluation is 
pt'esented in Table 2.6. This evaluation may be helpful to choose the right methods! 
tools techniques for the identification, analysis and measurement of risk for effective 
risk management. 
Table 2.6: Applicability of methods.' tools/techniques used far identification, analysis and 
evaluation of risk 
Risk Analysis 
e c o 
Methods/Tools/ Description 	 =i e, • 
Techniques z – - 
r te' 
Look-up / 
Supporting Methods 
Brainstorming Brainstorming involves stimulating and encouraging 
free-flowing 	conversation 	amongst 	it 	group 	of 
knowledgeable people to 	identify potential 	failure S.\ NA N,1 NA NA 
modes 	and 	associated 	hazards, 	risks, 	criteria 	for 
decisions and or options for treatment. 
Delphi Technique A means of combining expert opinions that may 
support 	the 	source 	and 	influence 	identification, 
probability 	and 	consequence 	estimation 	and 	risk SA NA NA NA NA evaluation. 	It 	is 	a 	collaborative 	technique 	for 
building 	consensus 	among 	experts. 	Involving 
independent analysis and voting by experts. 
Structured.Semi- In a structured interview, individual interviewees are 
structured Intcn iew asked a set of prepared questions from it prompting 
sheet Which encourages the interviewee to view a 
situation 	from 	a 	different 	perspective 	and 	thus 
SA NA NA NA NA identify 	risks 	from 	that 	perspective. 	A 	semi- 
structured 	interview 	is 	similar, 	but 	allows 	more 
Freedom for a conversation to explore issues which 
arise. 
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Check-lists A simple form of risk ident itlention. A teehnlque 
which 	prc 	ids 	a 	listing 	of typical 	uncertainties SA NA NA 	NA NA 
which need to be considered. 
Structure a What it? A system for prompting a team to identify risks. 
(SWIFT) Normally 	used 	within 	a 	facilitated 	workshop. I SA Generally linked to a risk analysis and evaluation SA SA 	SA SA 
technique 
Root Guse Analysl~ A single Ins that has occucd isanvscd in order to 
understand contributory causes and how the system 
or process can he improved to avoid such future 	NA A SA SA SA Iota. The analysis considers what controls were In 
place ut the time the loss ueeurrcd and how controls 
might be improved. 
Decision Tree A decision tree represents decision altexnalives and 
outcomes 	in 	a 	sequential 	manner 	which 	takes NA SA A A 	NA 
account of uncertain uul comae. 
Cause-and-effect An effect can have a nwnber of contributory factors 
Analysis 	(fishbone which 	may 	be 	rouged 	into 	different categories_ 
diagramme) Contributory 	factors 	are 	identified 	often 	through SA SA NA NA NA 
smimtotoaing and displayed in a t1cc structure or 
fishbone diagram. 
Scenario Analysis Possible 	future 	scenarios 	are 	identified 	through 
inlagilmtion or extrapolation 	fmnl the present and 
different asks considered assuming each of these SA SA A A A 
scenarios might occur. This can be done formally or 
infnrtnall' qualitatively or quantitatively 
Statistical Methods 
Standard Deviation 	A statistical measure of dispersion around a central 
tendency. Standard deviation measures volatility. It 	NA NA NA A A 
is an absolute measure of ri.k 
Skewness 	Skewness asymmetry of a distribution in terms of 
risk, in other words is there a tendency for the data to 	NA NA NA A A 
be positive or negative. 
Coefficient 	of 	Coel icicm of variation is the measure of variability 
Variation (CV) 	ofthe data When the value of CV is higher, it means 
that the data has high variability and less stability. 
NA When the value of CV is lower, it means the data has N,A NA A A 
less variability and high stability. 	It is a relative 
measure of risk. 
Risk Matrix 	A Risk Matrix is a matrix that is used during Risk 
—_i 
Assessment to define the various levels of risk as the 
product of the harm probability categories and heron 	SA 5,1 SA SA SA severity caregaries. 	I his i> n simple nice Nan i sm to 
increase visit, ility of risks and assist ma] ugcmcnl 
decision making. 
Failure Mod Effect 	FMEA is an advanced trtulhod of risk management 
Analysis 	that 	examines 	potential 	product 	of 	process 
failures/risks, 	evaluates 	risk 	priorities, 	and 	helps SA SA SA 	SA 5A 
detertmtic 	remedialicoutrol 	ac ions 	to 	avoid 
identified potential failures risks. 
SA: Strongly Applicable A: Applicable NA'. Not Applicable 
The literature review confirms that a number of methods tools/ techniques have 
been used in various research studies for analysing agricultural risks. The review 
summarized and classified all the sources of agricultural risk according to their origin at 
the supply chain stage viz. input risk, production risk, post-harvest risk and marketing 
& price risk. To address the risks, arrays of formal and informal risk management/ 
coping mechanisms were developed by the farming community and Government in the 
forms of direct and indirect interventions including market based approaches. However, 
these initiatives are often neither efficient nor sufficient and have not changed 
agricultural risk environment in the country. Also, the traditional risk management 
process is highly fragmented, ad-hoc, non-continuous and narrow focused which does 
not integrate small-scale farmers in the supply chain. There is lack of integrated and 
systematic approach to manage the emerging risks in agricultural supply chain. The 
existing literatures are lack in the use of advanced methods of risk measurement for 
effective risk management. These research gaps necessitated to undertake this study. 
6,s 
CONCEPTUAL FRAMEWORK AND 
RESEARCH HYPOTHESES 
This chapter introduces the conceptual framework for integrated supply chain risk 
management in agriculture and discusses hypotheses predicting the relationship and 
effect of clustering approach and socio-economic factors on managing potential risks. 
This chapter sets the stage which guided this research study. 
3.1 Conceptual Framework for Integrated Supply Chain Risk 
Management 
Based on a rigorous literature review it was found that a large number of studies on the 
various aspects of agricultural risk management have been conducted across the globe. 
To set tip a holistic and integrated framework for systematic risk management in 
agricultural supply chain, ii is of immense important to understand and then integrate 
the risk management processes, innovative risk management approaches and risk 
perception of the stakeholders across the chain. 
3.1.1 Risk 4tunagemem Proems} 
Risk management do not preclude adverse events from occurring; however, it enables 
to focus on those things that are likely to bring the greatest harm, and employ 
approaches that are likely to mitigate or prevent those incidents (Tsohou et al., 2006; 
Gaudenzi and Borghesi, 2006).Risk management process consists of systematic steps of 
identification, assessment, control. monitoring & review, and conununication of risk 
(Richard et al., 2008; Ojala and Hallikas. 2006; Sheffi and Rice, 2005; Finch, 2004). 
Broadly, risk management comprises of two stages (Figure 3.1.1). In the primary stage, 
risks are identified and characterized and then in the treatment stage, they are dealt 
with. 
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C 
Figure: 3. 1. I: Risk management process 
(Rounded boxes are, enfry and exit points into the ri.%k munage,uent process. Rectangles, (Iiamonds, and 
orals denote actions. decisions and chance events re%pec tively) 
Source: Adopted from Sethi (2010) 
The risk identification process invol\es standardize the description and change 
in risk parameters which can he observed through risk analysis (Rao et al., 2005 Wu et 
al.. 2006; Liangyuan and Yueheng, 2001). The appraisal and analysis of risk exposure 
involves the quantification of likelihood of occurrence and the consequences of 
potential future events (WVu et al., 2006; Zsidisin et al., 2004; Pich et al., 2002). The 
subsequent process involves the assessment and evaluation of risk for prioritization and 
identification of potential/critical risk (Richard et al., 2008; Krishnan and Shulman, 
2007; Zsidisin et al., 2000; (Iiunipero et al.. 2004). 
The next stage is the risk control which involves selection of a strategy or 
combination of strategies to counter the risk. Importantly, an effective risk management 
approach is desired to deliberate the risk control actions. The output,'results of the risk 
management process is reviewed to take into account new knowledge and experience in 
risk management (Ritchie and Brindley, 2007, Norrrnan and Jansson. 2004). Basically, 
the monitoring and review stage involves measuring the performance of implemented 
controls b~' re-assessing risk (Vats der \'orst, 2005). As an ongoing process. risk 
communication involves sharing of information about risk and risk management 
between the decision-makers and others stakeholders (Johnson, 2001). 
Broadly, the risk management process can be categorized into two parts as 
identification of potential critical risk and treatment of the potential critical risk. A 
;umttiar\ on stages of risk management process is depicted in Table 3.1.1. 
Stages of risk 
management process 
1.Identification & 
t la,'iitXation of 
tti,k; 
j 2. Risk Assessment 
3. Evaluate Risk 
Priorities 
4. Risk Control: 
Response 10 
Risk Risk 
`litiation 
Treatment 
'I 
` 
Risk Monitoring 
~I  
4 
cl  
Risk can be considered the 
combination of an event, the 
likelihood that it ,VIII happen 
and its consequences. 
Risk assessment is a 
quantitative and or 
qualitative estimation of the 
probabihit, of occurrence 
and se\erity of known or 
potential threat adverse 
impact of risk. 
Determine the contribution 
of each risk to the aggregate 
risk profile, and priorities 
accordingly 
Deliberate actions taken to 
reduce risk are potential or 
maintain the risk at an 
acceptable level. 
Risk monitoring in'solves 
keeping eve on the changes 
in indicators of identified 
risks. 
• Identify stakeholders 
• Consult \sith stakeholders 
in defining scope of issue 
• Discussion of source. 
exposure issues 
• Communication of results 
%%ith stakeholders 
• Assess changes in 
kno sledge percepfiDtt in 
light of new information 
• Elicit stakeholder 
perceptions of the risks 
and benefits, and the 
reasons for these, if 
possible 
• :\ar„ stakeholder 
acceptability of the risk 
• Assess stakeholder 
acceptability of the risk 
• Ensure implementation of 
communication strategies 
• Mionitur changes in needs, 
issues. concerns of 
existing or nest 
stakeholders 
• Communication of risk 
control decision and 
itnpIctrsentation 
Krishnan and Shulman 12007), Sodhi 
(20t)5), Sinha et al. (2004), Rao ct al. 
20O). Wu ct aL 12006), Liangyuan 
and Y uehettg (2001 ). Juttner (2005), 
Ca% inato (2004), Kleindorfer and 
Saad (2005), Agiwal et al. (2008), 
Paulsson (2004) 
Richard et al. (2008). Tsohou ct al. 
(200(i), Anderson and Dillon (1992), 
Faisal et al (2007), Ojala and Hallikas 
(20(16). Sheffi and Rice (20(15). 
Johnson (2001). Finch (2004) 
Tsohou et al. (2006), Finch (2004). 
Richard et al. (2008), Giunipero et al. 
(20(14), lakovou et al (2007), 
\Vijnands and Ondersteijn (2006), 
Johnson (2001) 
Peck (2006), Ojala and Hallikas 
(2006), Christopher and Peck (2004). 
Johnson (2001), Ciaudetvi and 
Borghesi (2006), Berry and Collier 
(2007), Allen and Schuster (2004). 
T%%u S-J et al. (2003), 
Berry and Collier (2007). Tang 
(2006). Lai ct al. (2002), Richard et 
al. (2008), Bichescu and Fry (2009), 
Forsiund and Jonsson (2007). Yang et 
al. (2(108). Zelbst et al. (2009), 
Hallikas et al (2005), Kleindorfer and 
Saad (2005) 
Table 3.1.1: 	of Risk Management Process 
Definition 	 Risk Communication 	I Literature 
n Risk Reporting 
Re % iew and 
Refinement 
Risk reporting is about 
ongoing awareness and the 
effectiveness of any actions 
or strategies taken to contain 
or reduce risk. 
Ritchie and Brindley (7007), 
Norrtnan and Jansson (2004), 
Paulsson (2004). Van der Vorst 
(2005), Pcrsson and Olhagern(2002), 
Tan (2002), Ritchie and Brindley 
2007). Zsidisin et al. (2005) 
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3.1.2 Risk Mae agenreut Approach: Clustering 
Effective management of agricultural risk required a workable approach with active 
involvement of all the stakeholders. Having introduced the idea that collective action 
through organizing farmers into groups and clustering them through interlinking and 
networking & capacity building can be a potentially successful strategy to help the 
fanning communities, particularly small and marginal farmers (Zvirgzdina et al., 2009; 
Burger, et al.. 2001, Bob, 2UU6). Clustering of7ers nmlti-benefits and empowerment to 
the farriers (Allen, 2006). The major benefits associated with this approach are 
economies of scale and lower transaction costs which can enable members to increase 
their access to inputs and farm services (Burger, et al., 2001). The increased credibility 
associated with the cluster especially if it is legally registered, also makes it easier for 
members to access financial services, as financial instifulionslbanks are more likely to 
give credit to registered organizations than to individual farmers. Training and capacity 
building of farmers is the most important factor for adoption of risk management 
practices (Kolpraditskul, 2005; Chi and Yamada, 2002). The good agricultural practices 
(GAP) can improve the quality which in turn increases the marketability of the produce. 
The bargaining power of fanners which refers to the ability to influence the 
price or terms of a business transaction, increases in the market when the product is 
scarce and when producers have access to the market infonnati on The clustorine 
approach can increase the bargaining power of fanners by collective marketing of 
products and negotiating better prices for their produce (Adeya, 2006.). Clustering 
approach may also help farmers to earn more by value addition activities through invest 
in primary processing, storage or transport facilities, giving members increased choice 
over when and where to sell their farm products (Porter, 1998). This also reduces the 
pre and post harvest lasses/wastage. By working as a group, farmers are more likely to 
access output markets directly including processors, wholesaler and other marketsby 
bulking their produce together to reach the scale necessary to deal with buyers directly, 
and bypassing intermediaries (Cihatalc and Pandev, 2000; Ong and Das, 2011). 
3.1.3 Risk Perception 
Risk is often described and defined in terms of the probability of an undesirable event 
occurring and the magnitude of the loss that is associated with the event (Mellers and 
Chang, 1994). However, a little is known about the relative impact of these two factors 
in shaping risk perception which is defined as `a decision-makers assessment of the risk 
inherent in a situation" (Sitkin and Pablo, 1992). Apart from the two variables-risk 
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perception, the risk propensity- plays a crucial role in decision-making involving risk 
(Keil et al.. 2000). The terns 'risk propensity' refers to the notion of decision-makers 
who have consistent tendencies to either take or a\ oid actions that they feel are risky 
{ Keil et al.. 2000: Sitkin and Pablo, 1992: 1 larnett and Cummings. 1980). Under the 
study, risk perception of the vegetable farmers have been taken into account as their 
risk perception.ln agricultural context, risk is perceived not solely by technical 
parameters and probabilistic numbers, but in tutrm entrepreneurs' psychological, social 
and cultural context as well. 
The essence of managing risk is about making good decisions and choosing 
among alternatives to reduce the impact of various types of risk (Liianemets et al., 
2011: Narula. 2009: Galloway and Mochrie. 2005: Harwood et al., 1999). Past studies 
have investigated different socio-economic and faun related factors that affect the 
choice of risk management strategies by I,irmers (Pennings. et al.. 2008; ('hi and 
Yamada, 2002). (Gender, age, education, income were found to be significant 
determinants of the adoption decision of risk control measures leading to risk reduction 
(Padel, 2001; Burton et al.. 1997). Nahuelhua et al. (2009) investigated that age as a 
positive and significant variable, suggesting_ that older farmers are potentially more 
aware and concerned about agricultural risks. He further found that there was a positive 
and significant relationship between education and risk management behaviours of the 
farmers. ('hi (2008) resulted that income was a significant factor which positively 
influence the technology adoption to mange agricultural risks. Nath and Ahmad (2011) 
investigated that landholdings and agricultural education & access to information were 
critical factors determining the choice of risk management strategy. Thus, the human 
capital characteristics play an important role in risk management behaviours and 
adoption of risk control practices. It should be an important consideration while 
developing an effective risk management frame%\ ork. 
3. 1.4 1 rasize t'oek for lnt'grated Supply ('l►uirr Risk :Ifanagement 
The current agriculture en' ironment is demanding it more integrated risk management 
approach (E3olvin et al. 2007: Treasury Board of Canada, 2001). It is no longer 
sufficient to manage agricultural risk at the individual stage of supply chain. Farm 
enterprises around the advanced world are benefiting from a more comprehensive 
approach to dealing: with risks across the supply chain. The sources of risk in 
agriculture are multiple and diverse, ranging from begining input stage to the 
consumption as last stage. The supply chain risks that present themselves on a number 
of fronts demand a coordinated, systematic response. Thus, integrated supply chain risk 
management is defined as a continuous. proacti\ e and systematic process to understand, 
manage and communicate risk from a holistic perspective. Integrated supply chain risk 
management requires an ongoing assessment of potential risks across the chain and then 
aggregating the results at the institutional level to facilitate priority setting and 
improved agricultural decision-making. Integrated supply chain risk management does 
not focus only on the minimization or mitigation of risks, but also supports important 
activities that foster Innovation, so that the greatest returns can be achieved with 
acceptable risks (Berg, 2010). The identification, assessment and management of risk 
across an organization helps reveal the importance of the whole, the sum of the risks 
and the interdependence of the parts. 
The above discussion provided important insights to develop an integrated 
framework for supply chain risk management. Agricultural risk management is 
considerably influenced by the interaction between the risk management approach (as 
clustering) and farmers' risk perception including their socio-demographics & farm 
characteristics. The study proposes following conceptual framework for integrated 
supply chain risk management in agriculture with special reference to vegetables supply 
chain (Figure 3.1.4a). 
Figure 3.1.4a: Framework for integrated supply chain risk management 
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This framework vill include folio\\ Mau risk variables at each stage of the supply 
chain (Figure 3.1.4b). 
Figure 3.1.4b: Stages and variables for supply chain risk analysis 
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3.2 Research Hypotheses 
Based on the literature review, following hypotheses have been formulated to 
understand the risk management processes in upstream vegetable supply chain in India. 
It as also depicted in the Figure 3.1.4a. 
1-11: Producers' socio-economic and farm characteristics are more likely to have 
influence on identification of critical supply chain risks. 
112: Producers' socio-economic and farm characteristics are more likely to have 
inlluence on treatment of critical supply chain risks. 
H3: Clustering of farmers' group is positi\ely associated with identification of critical 
supply chain risks. 
H4: (clustering of farmers' group is positively associated With treatment of critical 
supply chain risks. 
H5: Producers' socio-economic and farm characteristics are more likely to have 
influence on cluster formation. 
Is 
DATA AND METHODOLOGY 
This chapter provides a description of the data and methodology used in this study. 
Briefly, it discusses about the sampling procedure for data collection, survey 
instrument, and data analysis proved urns and teclmiques employed in the study. While 
qualitative data is interpreted and descriptively presented, quantitative data is analyzed 
using advanced statisticaland data analysis methods and techniques such as Risk 
Priority Number (RPN). Ishikawa Diagram, Pareto analysis, Chi-square, F-statistics, 
and coefficient of variation for answering the research questions and testing the 
hypotheses. The socio-demographics and farm characteristics of the sample are also 
reviewed. 
4.1 Sampling Procedure 
Initially, a comprehensive review of the literature on sources of risk in agricultural and 
risk management strategies was undertaken. Much of existing literature on agricultural 
risks and risk management uses quantitative methods like systematic surveying to 
obtain data and information from the farmers (Ali and Nath, 2008). Quantitative 
methods provide numerical data for examining relationships and differences among 
variables (McMillan and Schumacher, 2001). It is also invaluable for testing and 
validating already constructed theories about how and why phenomena occur. For 
realizing the present study objectives and testing hypotheses, a synthesis of secondary 
and primary data was used. The secondary data used for the analysis included reputed 
and relevant sources such as Central Statistics Organization (COO), National Sample 
Survey Organization (NSSO), Agricultural Census of India, Ministry of Agriculture 
GoI, the Food and Agriculture Organization of the United Nations (FAO), journals, 
books, policy papers, and online agricultural databases. To supplement the secondary 
data and fill up the gap of earlier findings, the primary data and information were also 
i olleeted from the field survey using structured questionnaire. 
In this stage, several organizations and agencies including NGOs working on 
the agricultural risk management in several parts of the country were approached. After 
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e\ aluating them, the Agricultural Risk \Tanagemenr Pvt. Ltd which is working on 
vegetable risk management project in the state of Uttar Pradesh was found the most 
rele\ ant to conduct the present study. The agency with actin e support from NGOs. 
agribusiness firms, and Government departments is functional in two districts of Uttar 
Pradesh namely Allahabad and (ihazipur, and facilitating vegetables farmers starting 
from the production to the market. 
A multistage stratified random sampling technique was used for the selection 
of sample from these two districts (Figure 4.1). The first stage involves purposive 
selection of two districts namely in the state of Uttar Pradesh. Keeping in view the 
objectives of the study. the districts were selected on the basis of the implementation of 
agricultural risk management projects \\ hich are being jointly implemented by various 
NGO.s. public and private agencies & gross root level local organizations. A clustering 
approach was followed by them to get effective result of the innovati\ e intervention. 
Second stage involves random selection of development blocks in both selected 
districts. In consultation with the agencies organization, a total 20 development blocks 
1.10 from each selected district) were identified where project interventions were made. 
Out of' 10 listed out development blocks from each sample district, a total 3 blocks were 
randomly selected for the survey. Thus, a total 6 development blocks selected from 
both sample districts. 
At the third stage. development block wise project villages were listed out in 
consultation with implementing agencies/organizations. A total 20 project villages were 
listed out from each sample block, out of which 5 project villages were randomly 
selected for the survey. Finally, a total 1.5 villages selected from each sample district for 
the field survey. Thus. the survey was spread over a total 30 villages in the two sample 
districts. The agencies organizations were also requested to provide a detailed list of 
beneficiaries (cluster members) and non-beneficiaries vegetable producers from the 
representative sample villages, as they ha\e well documented and maintained the 
updated list of those. 
The last stage involved the random selection of a total 10 vegetable growers 
from each selected village, out of' which 5 were cluster members and remaining 5 as 
non-cluster vegetable producers in the same village, making a minimum total of 150 
from each sample district. Thus, the survey covered a minimum total of 300 vegetable 
growers from two districts (lil) cluster vegetable producers and the same number i.e. 
150 non-cluster producers). Following the above sampling procedure, the survey 
actually covered 329 vegetable growers as per details provided in Table 4.1. 
Figure 4.1 Sampling Procedure 
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Table 4.1 Samoline distribution 
Districts Block No. of villages 
Cluster 
members 
Non- 
cluster Tula _ 
Bahadur ur 5 31 27 58~ 
Allahabad Baharia 5 28 27 55 
Soraw 5 27 26 53 
Ghacipur 
Karanda 5 27 28 
25 
55 
Mohammadabad 5 28 53 
Sadar 	_ 5 _ 30 25 55 
Total (2) 6 30 171 158 329 
42 Measurement of Risk Perception in Pre-intervention & Post — 
I 	intervention Situation 
A significant amount of research has been available on risk perception and a variety of 
theoretical perspectives have been adopted from sociological, psychological and 
cultural viewpoints, among others (Krimsky and Golding, 1992). Risk perception is the 
subjective assessment of the probability of a risk (Cutchin et al., 2008). The perceived 
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risk includes evaluations of the probability as well as the consequences of a negative 
outcome. The measurement of perceived risk is often focused at the probability of 
occurrence, severity, and detection of risk (Rakotonirainy and Maire, 2005). Risk 
perception is often measured by a direct method using instrument such as a 
questionnaire (Vivianne, 2007). 
file choice of recall period in perception based studies depends on the 
variability, duration, frequency, and intensity of the concept measured. There is a trade-
off between recall bias and complete sampling information. Clarke et al. (2008) wt out 
this trade-off through an analytical framework and shown that longer the period of 
recall the greater is the likelihood of -ecall error, but the shorter the recall period the 
greater  is the problem of missing information. He further suggested that there is no 
general answer to the question of optimal recall periods, as this question largely 
depends on the main objective for data collection. In agricultural risk perception and 
decision making studies, the optimal recall period often long and suitable considering 
its distinct nature (O'Kanc et al.. 2009; Chong, 2005), 
Under the present study, risk perception of the farmers on various pre-defined 
parameters wcrc recorded both in pre-intervention (pre-closteting) and post-
intervention (post-clustering) status us-ng a survey instrument. 
4.3 Survey Instrument and Data Collection 
The most important part of the survey process is the questionnaire design for gathering 
data/information about the targeted population using appropriate sampling method. the 
formulation of the questions and the structure of the questionnaire are critical to the 
success of the survey. Questionnaire design is a multiple-stage process which includes 
details on the target population, includes identified the variables and indicator that 
addresses the research issues and hypotheses. includes open or close ended questions, 
scale development, and languages to be used Dillman (2007) provide as outline for the 
critical research processes i.e. (1) questionnaire design. (2) pilot-testing and (3) data 
collection implementation. A well defined research question and clearly defined goals 
for ar. intended study is the first step towards questionnaire design. A sincere design of 
survey questionnaire has significant impact on response rate as well as the ability to 
capture desired data under study (Matz, 1999; Saphore, 1999). Pilot-testing of newly 
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design questionnaire through field is essential in order to eliminate problems associated 
with redundancy of questions, logical flow of questions and sequencing, confusion in 
question wording and format, terminology, spelling error, and other faults (Flynn et at., 
1990). Furthermore, the response rates for tiled survey (also called paper & pencil 
survey) are comparatively high than other mode of surveys (Mertler and Earley, 2003). 
For the present study, data were collected with the aid of a .self administered 
structured questionnaire which was designed considering above recommendations and 
guidelines. The questionnaire has four important sections: soeio-economic profile of 
vegetable growers, assessment of listed sources of risk in supply chain and risk 
management strategies, and last section as supply chain performance measurement. The 
first section of the questionnaire brought out the socio-economic and farm 
characteristics of the respondents, such as age, education, income, social category, and 
farm size. The Second section assesses risk in vegetable supply chain using indicators 
for various sources of risks. 
Last section intended to measure the supply chain performance. A 10 points' 
likert type scale (1-2 not least risk, 3-4 somewhat risk, 5-6 moderate risk, 7-8 high risk 
and 9-10 extreme risk) was used to rank the risk profile attributes i.e. severity, 
occurrence and detection before and after adopting control measures for each source of 
Eisk (Spector, 1992; DeVellis, 1991). Considering the low literacy level of the 
respondents, a scale marked from one to ten was shown to them, and they were asked to 
rate their positions accordingly.The final questionnaire took an average of 25-30 
minutes for a respondent to complete. All the collected data was digitized into SPSS 
20.0 application software for data analysis. 
4.4 Data Analysis 
Before data analysis, data inspection and data cleaning processes such as adjusting 
missing values, identify and treat outliers were carried out considering the application 
of statistical techniques for data analysis (1-laie et al.. 2006; Flynn et at., 1990). 
Reliability analysis was also conducted to check internal consistency of scales to ensure 
data quality (Cronbach's alpha >0.700). Statistical analysis was primarily carried out in 
SPSS 20.0 while data management was handled in Microsoft Excel. Descriptive 
statistics, frequencies, and cross-tabulations were done to determine demographic 
profiles (gender, age, education, income and primary occupation) and Risk Priority 
so 
Numbers (RPN) and compare the same bet~seen cluster and non-cluster groups. The 
details of various advanced statistical and data analysis techniques which have been 
used to analyse the data collected and draw conclusions are described below. 
.1.4.1 Failure :4fode and Effects . fira!)•si.s (f• ME.4) 
F\1L.1 emcrued in 194() from US Armed Forces to classify failures and then widely 
used by National Aeronautics Space Association (NASA) for space programs to 
mitigate risk (Allen et al.. 2009). It is now extensively used in a \ariety of industries 
including agriculture (Namdari et al.. ?01 1 ). As exhibited in Figure 4.4.1, FMEA is a 
systematic process that uses Risk Priority Number (RPN) to assess potential risk at 
initial and thereafter adopting control measures by ranking of their severity (S). 
frequency of occurrence (0) and detection probabilities (D). was adopted to determine 
risk level (Su and Chou, 2008). To describe these three risk variables, the assessment 
number generally ranges from I (no` least risk) to 10 (extreme risk). The RPN is 
calculated by multiplying the \clues of the three -,ariahles 0. S and 1). A high value of 
RPN indicates high level of risk. 
RPN = Se\erity x Occurrence x Detection 
Bowles (2003) identified that RPN measurement scale is an ordinal' scale. An ordinal 
scale indicates that an item has more or less of a ,i\ en attribute in reference to a similar 
item, but not how much more or less of the gi\ en attribute. 
Figure 4.4. 1: Application of F\IEA in determine risk level 
F\IEA 	 Severity of 
Starts risk 
Identify 	Ratings 	Occurrence 
potential of rilk 
risks 
t)etectibilit~ 
of risk 
Risk Priority I 	Determine 
Number 	Risk Lc%el 
(RPN) 
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Reduction in RPN is estimated by subtracting revised RPN Value (as estimated 
after adopting control measures) from initial RPN score (without any interventions) 
divided by initial RPN value, as per following formula: 
RPN — RPNr 
Pecentage reduction in RPN = 	
RP Ni 
4.4.2 Pareto Analysis 
Pareto Analysis is used to prioritize the identified sources of risk across the vegetable 
supply chain. Pareto Analysis (also called Pareto Diagram, Chart) is based on the Pareto 
Principle, named for Italian economist Vilfredo Pareto (1848-1923), which elucidated 
that most of the effects of an action come from a small amount of the causes. This is 
often called the 80-20 rule, implying that 80"„ of the failures come from 20% types of 
defect. A Pareto Analysis is used to visually identify the most important factors, or the 
most common problems also referred as "the vital few". It is identified by simply look 
at \\,here the line graph crosses 80°o and the categories to the left of that point are called 
"vital few" or most significant factors. 
The purpose of a Pareto diagram is to break down the parts of a 
problem determining the important and the tri\ ial. Pareto chart is a unique type of bar 
chart %\ ith the values ordered from largest to smallest and a superimposed line graph 
showing the cumulative total. It summarizes and displays the differences between data 
groups and their relative importance. It prioritizes direction and focus on the vital few 
instead of targeting all the categories. 
4.4.3 Ishikawa Diagrams 
The Ishikawa diagram is a simple technique that helps to structure a risk analysis 
process (Guebitz e. al., 2012). This tool can be used to systematically determine risk 
categories and risk sources of a certain event as illustrated in Figure 4.4.3. The overall 
event or problem is stated at the right end of a horizontal arrow. Risk categories and 
corresponding risk sources are determined by tilling in the "Gshbonc." The Ishikawa 
diagram can be used during a FM1EA as a tacilitation method to identify the critical 
risks leading to disruptions in supply chain. 
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Figure 4.4.3: Ishikawwa diagram - critical risk, and risk sources of an e%ent 
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-1.-1.4 Coefficient of'! ariution 
•l he extent of variability in area, production. and productivity of major agricultural 
items were analyzed through Coefficient of \aviation (CV), a relative measure of risk. 
\•lathematically, coefficient of variation is the ratio of the standard deviation of data 
(data series) and its mean (CV = SD Mean). It is usually expressed in percentage. 
CV— 6xlc)tt 
4.4.5 Chi-square Statistics 
Chi-square (y ) is a statistical test commonly used to compare observed data with data 
We would expect to obtain according to a specific hypothesis. In other words, chi-
square test is used to determine whether there is a significant difference between the 
expected frequencies and the observed frequencies in one or more categories. 
;O—E -I" 
E 
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Where, O is the observed frequency 
E is the expected frequency 
4.4.6 .-1 ilulis of variance (.-l.VOV4)/F-Statistics 
The F-test in one-way analysis of variance is used to assess whether the expected values 
of a quantitative variable within several pre-defined groups differ from each other. The 
F-test is used to test for differences among sample variance. The formula for the one-
way ANOVA F-test statistic is: 
explained t.ar*ience 
F= 
,rnexplained varience 
or 
F between — group vartability = 
u•:thin — group varfabilih• 
4.5 Socio-demographic Profile of Respondents 
Fable 4.5 reports summary profile of cluster and non-cluster surveyed vegetable 
producers with respect to gender, age. education, social category, occupation, 
household income and landholding size. Of the 329 respondents, I71 respondents i.e. 
52° , reported to be vegetable cluster members while the remaining 158 (48`;x) were 
non-cluster vegetable producers. An overwhelming percentage (81%) was male 
participants and a satisfactorily 18 percent female (19'%). There is no significant 
difference was found in the gender distribution pattern between cluster and non-cluster 
members. 
A fairly equal distribution of experience in vegetable cultivation was realized 
with a mix age groups of younger adults (<20 years, 21.6%), mature-adults (20-35, 
24.7%), middle-aged adults (36-55, 33.3%), and young-old (>55 years, 20.4%). Almost 
the same age distribution pattern was found between cluster and non-cluster members, 
as no statistically significant differences were estimated. However, the cluster members 
were more experienced in vegetable cultivation with an average age of 40 years as 
compared to non-cluster members who stand at 36 years. More than 40 percent 
respondents were illiterates or having basic knowledge and /or ability to read, write 
and: or calculate that need to use in everyday life. This group predominated (47.5%) the 
cluster population. The remaining majority hake some schooling or a college degree in 
both the groups. The chi-square tests revealed that [here was no significant difference in 
education levels between cluster and non-cluster participants. 
fable 4.5 Profile of cluster and non-cluster respondents 
_ 
Total Cluster Non-Cluster 	Chi-square/F- 
N 	%i 	Statistics N _ N 
Gender 
Male 266 81.1 134 78.4 132 84.1 ,2_1.743 
Female 62 18-9 37 21.6 25 15.9 =p,Jl9 
,4 e(tenrs) 
20  
20-35  
71 
81 
21.6 
24.7 
35 
38 
205 
222 
36 22.9 
;r328 43 4 _21 
36-55 109 	33.3 54 31.6 55 35J1 0.097 p~ 
>55 67 20.4 44 253 23 14.6 
Education 
Illiterate/Literate 142 43.2 81 47.4 61 AS 
JHS and below 	 I 66 20-1 36 21.1 30 18.8 
SecnndaryiHigher See- 
Graduate .'PG 
80 
31 
24.3 
9.4 
39 
12 
22.8 41 25.9 X =4.5y3 
p°0.312 7.0 19 11.8 
Professional/Diploma 10 3.0 3 1.8 7 4.7 
Social Cate on' 
General 42 128 IS 10.5 24 15.3 
OBC 220 669 125 73.1 95 60.0 X=4.542 
SC 67 20.4 28 16, 39 24.7 P=0.103 
Prinromr{• O'Cnp.7ir" 
7950.0 
__ 
A ricuhure/Farming 176 53.5 97 56.7 
Service 
Business 
16 
Il 
49 8 
5 
4.7 8 	5.1 
6 	7.8 X_7857 3.3 2.9 
Labourer 25 7.6 17 9.9 8 5.1 p=0.164 
HW 39 119 20 117 19 120 
Student 62 18,5 24 14.0 38 24.1 
Yearly household income (Cl 
<25K 49 150 23 13.6 26 16.5 
25K-SDK 
SIK-75K 
1 	82 25.1 34 20.1 48 30.6 
242 '~ =19422 71 21.7 32 18.9 39 
76K-IL 42 12.8 16 9.5 26 16.5 p=01101 
>IL 83 25.4 64 37.9 19 11.8 
Lund holdings 
Marginal 82 24.9 50 29.2 32 20.3 
Small 102 310 52 	30-4 50 31-6 7'=5093 
Medium 93 283 
15.8 
41 
28 
24.0 
16.4 
)L. _ 
15.2 
p=0,165 
Large 52 4 2  
Form Truinie 
Yes 
No 
17] 520 171 100.0 0 0.0 X'=329.000 
p 0.000 158 48.00 0.0 158 100.0 
Exposure Visits 
19 5.8 14 8.2 5 3,2 X'-3.607 
No 310 942 157 91.8. 153 96.8 p 0.041 
Average size of land (ha) 2.33! 2.42 2:?4 F=0.667 =0.415 
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In terms of social category. a majority (66.9%) of the respondents were 
belonging from socially backward groups (OB('). This group was comparatively 
predominated in the cluster group however, statistically. no significant difference was 
found as of social distribution pattern is concerned between the both groups. By far, the 
most prevalent profession of the surveyed participants observed as farming (53.5%x). 
The average annual income of cluster members estimated significantly higher to the 
tune of Rs. 1,00,672 as compared to non-cluster producers Rs. 60.517.Also, the Chi-
square test indicates the significant difference (y =19.422, p<0.01 1 in income status 
between cluster and non-cluster groups With improved income status by cluster 
participants. Importantly, more than 37 percent cluster participants fall in the extreme 
income range of more than one lakh annually. However, the most common income 
brackets for both groups lie between Rs. 25,()(1() - Rs.75,000 annually. 
Vegetable cultivation 	as observed the major source of agricultural and 
household's income by the both groups. Farm trainings, as it was an integral component 
of capacity building of cluster members, has been attended by all the cluster members. 
None of the non-cluster producers attended any training on agricultural aspects. 
1-lowwever, about 8 percent cluster members and some 3 percent non-cluster participants 
went for formal exposure visits learning journeys. In addition, for both the groups, the 
average household/family size was estimated to 7; average number of working 
members were 3 (out of which 2 were male and I female); and on an average 3 children 
in each family. 
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lChapter 5~ 
RESULTS AND DISCUSSION 
4 
This chapter is based on primary data analysis and the results are presented into two 
different sections A & 13. Section- A presents analysis result on risk identification and 
prioritization across upstream vegetable supply chain. Detailed risk evaluation analysis 
using risk matrix and Pareto Analysis were presented across the stage,, of supply chain. 
In addition, it investigates socio-demographic ►actors that affect the identification and 
management of critical risks across the chain. Section- B presents the impact analyses 
of clustering approach on management of critical risks across the vegetable chain, and 
also compares risk control strategies adopted by cluster and non-cluster farmers using 
chi-square statistics. This section also provides a detail analysis on how the level of risk 
at all stages of the supp]v chain has been affected after the intervention of the 
organisations at the farm gate. 
Section- A 
5.I IDENTIFICATION OF CRITICAL RISKS ACROSS 
VEGETABLE SUPPLY CHAIN 
(Pre -Clustering Intervention Assessment) 
5.1.1 Identification of Sources of Risk Across Vegetable Supply Chain 
Risk management is a s.stematic process of identifying, analysing, evaluation. 
prioritizing. risk control, and review of performance (Sinha et al.. 2004; Richard et al., 
2(J08; Finch, 2004; Johnson, 2001; Berry and Collier. 2007; Paulsson, 2004). Risk 
identification is the primary step of risk management process, involves determining 
risks that are likely to negatively affect the farm enterprise. Risk analysis is an umbrella 
term that based on risk assessment provides the degree of vulnerability of the identified 
risk and the same to be communicates to the stakeholders to develop effective risk 
counterstrategies. Risk assessment typically involves quantitatively and/or qualitatively 
assessment of risks base(] on probability of occurrence, severity of impact and detection 
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probabilities (Vanany et al., 2009; Kleindorlcr and Saad, 2005). Risk perception which 
is the subjective judgment that one can make about the risk attributes (occurrence, 
severity and detection) of a risk, is very important consideration to understand the 
enterprise risk management behaviors. 
To investigate the risk management process across the upstream vegetable 
supply chain, the vegetable growers' perception on various sources of risks which were 
listed to ascertain four categories as input, production, post-harvest, and 
marketing price; were recorded to understand the potentiality of the identified risk. The 
perceived risks were analyzed using Risk Priority Numbers (RPN) that measures a 
relative risk ranking. The higher the RPN, the higher is the potentiality of risk. 
Table 5.1.Ia presents the sources of input risk along with the computed average 
RPN value for each perceived risk. Out of the eight sources of input risks, high cost of 
inputs (RPN=838), lack of' capital (RPN=729. shortage of inputs (RPN-613), timely 
unavailability of inputs (RPN-285) and lack of collateral (RPN=269) were perceived as 
potential sources of risk. The high costs of farm input coupled with limited financing 
and credit facilities have resulted in low use of farm inputs and poor investment in farm 
business. This economic marginality of the fitrm households is more serious to marginal 
and small farmers who are unable to arrange collateral to access capital. In addition, 
getting quality inputs such as seed (improved with desirable trait) and fertilizers were 
very hard to find on time. The F-statistics indicate that, in pre-intervention situation, 
there were no significant differences between cluster and non-cluster producers' in 
a erage RPN values of different sources of input risk. 
Table 5.1.1 a: Identification and assessment of potential sources of input risk 
Sources of input risk Total Cluster Non- Cluster 
F- 
Statistics 
Sig.  
High cost of inputs 838 844 827 1.392 0.239 
Lack of capital 729 730 727 0.047 0.829 
Shortage of quality inputs 613 616 609 0.150 0.699 
Timely unavailability of inputs 285 285 286 0.006 0.940 
Lack of collateral 269 266 274 0.539 0.463 
Lack of financial inclusion 215 212 222 0.714 0.399 
Poor quality 164 161 171 1.789 0.182 
High interest rate for loans 157 159 153 0.622 0.431 
Source: primary survey 
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The results of perceived sources of production risk in vegetables are presented 
in Table 5. I.Ib. Of the ten sources of production risk, weather uncertainty climate 
chance (RPN=845). lack of technical skills. GAP (RPN=727), crop disease termites 
attack insects (RPN— 722), lack of access to farm technology (RPN=222), lack of 
irrigation IRPN-124) and hail tempest (RPN 121) were perceived as potential risks. In 
pre-clustering situation. there were no significant differences between the cluster and 
nom cluster }producers in average REIN values of diCCerent sources of Production risks. 
The production risks which concerning yields and actual output & income, 
generally arise from the natural event such as adverse weather conditions and crop 
diseases. Although weather is an important production factor in agriculture, it is 
significant risk factor due to day-to-day variations in the atmosphere, this includes 
precipitation, temperature. humidity and cloud cover. Further, production risk is often 
perceived by farmers as being more formidable in new technologies and adoption of 
Good Agricultural Practices (GAP). Currently. GAPS are not regulations in the country 
but under consideration by the Governments to provide recommendations and guidance 
to the agriculture to reduce the risks (FAO, 20!)1). 
Table 5.1.1 h: Identification and assessment of potential sources of production risk 
Sources of production risk 
Total Cluster 
_ 
. Cluster 
F- 
Statistic 
s 
Sig. 
Weather uncertainty & Climate Change 
Lack of technical skills & knowledge of' 
(J.\1' 
x45 
727 
853 829 
741 
2.913 
2.371 
0.089 
0.125 719 
Crop disease & Termites insects 722 720 726 0.140 0.709 
Lack ofaccess to farm technology 222 222 223 0.012 0.913 
Lack of irrigation 124 125 122 0.152 0.697 
Flail 	tempest 121 122 119 0.388 0.534 
Illness lniur idisahility 	death  88 90 0.158 0.691 
Flood 65 65 66 0.000 0.994 
Drought 63 63 65 I 	0.430 0.512 
Shortage of reliable labour 63 62 65 1.015 0.315 
5& ure : primary survetv 
After the crop harvest, post harvest loss is it major risk factor particularly for 
perishable crops. The perceived sources of' post-harvest risk are exhibited in Table 
5.1.Ic. The average R1'N values indicate that lack of sorting/grading (RPN=845), lack 
of storage facility & cold chain (RPN-841 ). poor quality control practices (RPN=833), 
Poor Packaging (RPN=170), and Improper Product Handling (RPN= 126) were 
perceived as potential sources of post-har\ est risk. An explaining to this is that, the 
farmers generally lack the know-how and skills to take advantage of value-added 
activities such as cleaning sorting, grading, packaging, labeling, storage, processing, 
and quality control, which increases value and self-life of produce. As a result, huge 
losses and wastages of produce are caused. By definition, post-harvest loss is a 
"measurable quantitative and qualitative loss of the food products' at any moment 
along the chain; and includes the change in the availability, edibility and 
wholesomeness of the food that prevents it from being consumed (De Lucia and 
Asseimato, 1994; FAO, 1989). The main canes are physiological (wilting, shriveling, 
chilling injury, ete), pathological (decay due to fungi and bacteria) and physical 
(mechanical injury), being these causes in many instances interrelated, i.e. mechanical 
injury can lead to post-harvest decay in many cases. According to FAO, the crop losses 
occurs in handling, processing, and storage are comparatively high in developing 
countries than the developed world, this is largely due to poor facilities and inadequate 
technical knowledge of methods to care for the food properly. In addition, lack of 
sorting/grading and poor packaging are major problems in the country. which often lead 
to marketing failure of the crops. 
Like input and production stages of the chain, in pre-intervention situation, there 
were no significant differences between cluster and non-cluster participants in the 
average RPN scores of different sources of post-harvest risk. 
Table 5. 1, IC: Identification and assessment of nntential sources of Post-harvest risk 
Sources of post-harvest risk Total Cluster Nnn- 
Cluster 
F- 
Statistics 
Sig. 
_Lackofsoitng.grading 845 851 832 2.094 0.149 
Lack of stora e facilit'cold chain 841  S45 932 0.994 0.320 
Lack of quality control practices 833 840 819 1130 0.146 
Poor packagng 170 175 161 3.193 0.075 
Improper product handling 	 126 125 127 0.208 0.648 
Lack of  labelling 123 123 124 _0.052 0.820 
Lack of branding 42 43 40 0-856 0.356 
Source: primary survey 
Marketing is perhaps the most important activity in farm business because it has 
a direct effect on profitability and income of producers. Table 5.1. Id provides average 
RPN scores for various perceived sources of marketing and price risk. Out of nine 
sources of the risk, the major sources of risk perceived were lack of bargaining power 
(RPN-862), market price volatility ('RPN=836), lack of market information 
(RPN=730), exploitation by middlemen (RPN=720), inaccessibility of market 
(Jo 
(RPN=493), and lack/poor transportation facilities (RPN=434). In addition, producers' 
were also stressed for low demand of produce and lack of discriminatory pricing for 
sorted & graded vegetable produces. In pre-intervention situation, there were no 
significant differences between cluster and non-cluster participants in the average RPN 
scores of different sources of marketing & price risk. 
Marketing food products, for many farmers, is The most difficult than producing 
them. In the country like India where more than 80 percent vegetable growers are 
small-scale (<2 ha), the individual farmers produce very little marketable surplus and 
hence lack in economics of scale and thereby poor bargaining power at the market 
place. The high market prices fluctuations (input and output prices) are largely due to 
underdeveloped agricultural markets in the country. In addition, due to poor extension 
facilities and lack of managerial training, majority of producers in the country lack the 
marketing skills, as a result they are exploited by local middlemen. Other constraints 
limiting access to reliable and competitive produce markets besides marketing skills are 
inadequate market outlets & lack of access to market information. According to IFAD, 
difficult market access restricts opportunities for income-generation to farmers. The 
fanners need access to competitive markets not just for their produce but also for 	'. 
inputs, assets and technology, consumer goods, credit and labour. [lie marketing of 
food products do not only involve the knowledge of customers' needs but also require 
good understanding of the supply and demand conditions in the market. Indian farmers, 
however, generally have poor understanding of supply and demand, and how these 
forces create markets. Farmers' inability to market produce means lack of income for 
production inputs, consumer goods and immediate cash requirements, and prevents 
asset accumulation. Market access thus influences farmers' production systems. 
Table it _ Id. Identification and assessment of potential sourcec of marketini, & nice risk 
Sources of marketing & price Total risk Cluster 
Non- 
Cluster 
1'- 
St2,046cs Sig. 
Lack ofha> 	min 	rawer 862  857 872 2.046 0.154 
Market trice volatility 836 838 833 0.138 11.710 
Lack of market information 730 725 740 1028 0.312 
E p 	Cation hymiddlemen 
Inaccessibilitv of market 
720 
493 
726 
482 
_ 	708 
516 
1173 0160 
2.936 0.08K 
Lack oftransportaiion facility 434 437 428 0.332 0.565 
Low merkct demand or produce 272 276 264 1-393 0239 
Lack of discriminatory pricing for 
quality/graded produce 91 	92 87 0.344 0.558 
Difficulties at market place 42 	I 	44 38 2.871 	0.091 
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5.1.2 Risks Evaluation Matrix and Risk Prioritisation 
Once the risks have been identified and assessed, the next stage involves the evaluation 
of risks which facilitate decision making. The purpose of evaluation is to compare the 
levels of risks based on quantitative assessment of risk and decide whether the level of 
each risk is acceptable or not. There may also be a number of risks that fall into almost 
the same level and where each of them would not be treated equally. Not all risks are 
worth taking and hence identifying those with the greatest loss and the greatest 
probability of occurrence and severity and absolute uncertainty of detection; is an 
important step towards managing risk by dealt with critical few. Risk matrix is an 
important method to evaluate the risk (based on risk assessment in terms of probability 
of occurrence and severity magnitude) and determines whether risk is intolerable, 
tolerable or acceptable. The RPN gives us an excellent tool to prioritize by identifying 
critical risks though the Pareto Chart in order to make focused improvement efforts. 
The RPN adds detection' as third dimension to the risk with already existing 
`occurrence' and `severity'. 
5.1.2.1 Risk Evaluation Matrix 
Multiple techniques have been developed for risk assessment and evaluation. The risk 
matrix developed based on assessment of categorized sources of supply chain risks is 
exhibited in Table 5.1.2.1. Of the four categories of sources of supply chain risk 
perceived, the unacceptable level of risk identified were: high cost of inputs, weather 
uncertainty & climate change, lack of sorting & grading, lack of storage facility, lack of 
quality control practices, market price variability, lack of market information, and lack 
of bargaining power. Whereas, the high level risks perceived were, shortage of inputs, 
lack of capital, lack of technical skills & knowledge of GAP, crop disease & termites 
attack/insects, laekipoor transportation facility, inaccessibility of market, and 
exploitation by middlemen. Under the moderalc category of risks were poor quality and 
timely unavailability of input, lack of access to financial institutions, lack of collateral, 
poor packaging, and lack of market demand/over production. The remaining sources of 
supply chain risks were perceived had least potential. 
si 
Tahlc x.1.2 l: Risk matrix iRic,:-f ik,lihoii;± Y Setierity 
Risk Level 4 Law: 9S Makrate.2b•50 High, 51.75 Unacceptable: 76.100 
Risk caIegQn, y 
a Shortage of quality 	iput i Input a High interest rate for loans (25) ► Poor quality (27) a High cost of inputs (81) 
► Timely unavailability (39) a Lack of capital ( 7 
► Lack of access to FIMFIBank (35) 
► Lack of collateral (40) 
Production ► Illnessunjury/disability/ death (19) ► Lack of access to farm technology (31) ► Lack of technical skills &'no vkJge ► Weather uncertainty & Climate 
► Flood (16) of GAP ! Change ('80) 
► Drought (16) ► Crop discs e & 1 	rni<<; 
► In sufficient/lack of irrigation (22) aaack inueis x 774) 
► Shortage of reliable labour 
► Expensive farm labour (22) 
a Hai lt tempest 2S 
Pcst•harvrst • Lack of branding (l 1) ► Lxk/poor packaging (29) • Lack of sorting.' grading (81) 
► Improper product handling (22) ! ► Lack'poor storage facility icold 
► Poorgack of labelling (23) ( chain (81) 
► Lack~poor quality control 
practices _(80) 
Marketing/ ► Difficulties at market place (11)  ► Low market demand of produce/over 	' Lackpoor transportation facility (56 ► Market price volatility (81) 
Pie ► Lack of discriminatory pricing for production (42) 	 • Inaccessibility of market (60) ► Lack of market information (76) 
quality!graded produce (19) a Exploitation by middlemen (70) ► Lack poor bar ainin power ( 	' 
10 10 20 30 40 50 60 70 80 90 100 
9 9 18 27 36 45 54 63 72 81 90 
8 8 16 24 32 40 46 56 	64 72 	80  
7 7 14 21 28 35 42 49 	! 	56 63 	'U 
6 6 12 18 24 30 36 42 48 54 60 
w S 5 10 15 20 25 30 35 40 45 50 
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5.1.2.2 Prioritization of Risks Across Supply Chain: Pareto Analfsis 
Risk prioritization goes beyond risk assessment and evaluation in that it identifies the 
likely targets. A proven method to prioritise risks is the Pareto Analysis or Pareto Chart 
which is a histogram that visually identify the most significant 20 percent risks as 'vital 
few' or critical risks, and the least significant 80 percent risk. The prioritisation analysis 
results across supply chain are discussed below. 
5.1.2.2.1 Prioritisation of Critical Input Risks 
In order to prioritise the sources of input risk, Pareto analysis was conducted blending 
to the FMEA. Figure 5.1.2.2.1 represents the Pareto Chart which clearly displays that 
out of eight sources of input risk four sources namely high cost of inputs, lack of 
capital, shortage of quality inputs, and lack of collateral to invest in vegetable enterprise 
were identified as the critical input risks. Result envisages that investment capital 
(financial & working) is major constraint to the farmers for agricultural investments. 
This also indicates that farmers gradually adopting more capital intensive methods of 
fanning than substance oriented traditional farming. That is why they need more capital 
to buy high-tech varieties of quality seeds and other farm technologies. Indian 
agriculture is characterized by marginal and small farmers who often lack of collateral 
to get institutional farm credit coupled with high cost of' inputs, led to economic 
marginality for farm investment. Therefore, making agricultural investments work for 
small-scale farmers it urgently required managing these critical input risks. 
Figure 5.1.2.2.1: Critical input risks 
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5.1.2.2.2 Prioritisation of Critical Production Risks 
Agricultural production is inherently dependent on weather, climate and irrigation 
water availability, and is adversely affected by any deviation from normal and natural 
disasters such as flood, hail, tempest. and drought. This stochastic nature of agricultural 
production is a major source of risk to farmers. The most pervasive production risks in 
agriculture prioritised by the Pareto Chart (Figure 5.1.2.2.2). The critical production 
risks identified were weather uncertainty/climate change, lack of technical skill/GAP, 
crop diseases termites attack/ insect, and lack of access to farm technology. The 
production volatility is mostly driven by uneven rainfall as well as climate change. 
Crop diseases and Pests have threatened farmers since farming began and causes huge 
cop losses in the range of 10-15 percent (Dhaliwal et al., 2010, Birthal, 2004). Further, 
the criticality was added by lack of access to farm technology and lack of technical skill 
& Good Agricultural Practices (GAPs) in the production chain. Managing critical 
production risks is the need of time to accelerate agricultural production in order to 
meet growing global demand for food and energy, but is also seen as the main pathway 
out of poverty for many poor people and developing countries. 
Figure 5. 1.2.2.2: Critical production risks 
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5.1.2.2.3 Prioritisation of Post-harvest Risks 
Farmers are affected by both pre and post-harvest risks and uncertainties. Post-harvest 
losses in agriculture are major source of risk which causes potential losses to both 
farmers and the rural economy. Risk associated with post-harvest losses may include 
improper harvesting, handling, packaging, loading and transportation (Acedo and 
Weinberger, 2006). High level of post-harvest losses were recorded in intensive and 
underdeveloped rural areas due to lack of proper inland transportation facilities and not 
follow-up of regulations (uncovered trucks, over loading, transportation in non-
refrigerated trucks, road nets are not always in good shape) (Rajagopal. 2002; 
Basavaraja et al., 2007). Post-harvest losses are extremely high in developing countries 
such as India, which are exacerbated by poor marketing, distribution and storage 
facilities. 
Critical post-harvest risks as prioritized by the Pareto Chart were lack of 
sorting/grading, lack of storage/cold chain facilities, and lack of quality control 
practices (Figure 5.1.2.2.3). Effective management of critical post-harvest risks can not 
Dilly to minimise losses but also to increase market value of farm produce. Good 
processing practices can allow preserving product quality at every stage of the chain. 
There is also requirement of training to the fanners and other stakeholders for attractive 
packaging to make product more appealing to consumers who are therefore willing to 
pay more if the product offered is of good quality and easy to use. 
Figure 5.1.2.2.3: Critical post-harvest risks 
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5.1.2.2.4 Prioritisation of Critical ;Marketing & Price Risks 
The marketing of crop produce has become one of the critical areas where the farmers 
are struggling and highly exploited in the country. Market risks are a result of both 
variations in supply and demand for crops that are not subjected to binding price 
controls and from the inability of controlled markets to respond timely and efficiently 
to changes in the market conditions. Market risks are also associated with the 
uncertainty about future prices of inputs and outputs and reliability of input supplies 
(liardaker et al., 1997). The markets have been affected by macro-economic 
disturbances, disease outbreaks and adverse weather events such as floods and 
droughts. There are increased incidences of market failure due to asymmetric 
information between farmers and other supply chain stakeholders and lack of' proper 
government supervision. With agricultural policies that are more decoupled from 
production and prices. farmers are now more exposed to market forces than in the past. 
The critical marketing and price risks as identified by the Pareto Chart were lack of 
bargaining power, market price volatility, lack of market information, exploitation by 
middlemen, and inaccessibility of market (Figure 5.1.2.2.4). Small-Scale farmers in the 
country have little control over market risks but there are strategies they can use to 
increase the economics of scale and bargaining power in order to get proper return of 
their investments. 
Figure 5.1.2.2.4: Critical marketing & price risks 
Critical marketing & price Risks 
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Figure 5.1.2.2.5: Ishikawa diagram - Disruptive ranges of critical risks across the supply chain 
Critical Production Critical Input Risks 
Risks (RP: 222 - 845) 	 (RP: 269 — 838) 
\\'Cabo uncertainty 	 High cost of i:  
climate change (2+ 1`1 inputs (838) 
Lack of technical 	 Lack of capital 
skill (727) 	 (29)  
Crop diseases/termit 	 Shortage of quality 
insect (722) 	 inputs (613) 
Lack of access to farm 	 Lack of 
technology (222) 	 collateral (269) 
Lack of 
sorting trading (S45 ) 
Lack of hare. 
power (562 
Disruptive Range of 
Critical S C Risks 
(R('\: 222-862) 
lack of storage cold 
chain facilities 184I ) 
Lack of qualit\ control 
practices ($33) 
Market price 
volatility (S3th) 
Lack of market 
information (73(t) 
L'hloitation by 
Middlemen (720) 
Inaccessibility of 
market (493) 
Critical Pust-harvest 	 Critical \iart.cting & 
Risks (RI': 833 - 845) 
	 Price Risk (RI'\:.t93 - 
862) 
Thus, the vegetable growers face a spectrum of risks under each phase of supply 
chain, however all risks are not significantl\ important. Only the critical risks are 
important therefore. it is required to respond them though effective control actions and 
adoption strategies. Effective management of critical risks are not only important to 
meet growing global demand for food and energy, but is also seen as the main pathway 
out of po\ erty for massive rural poor particularly, small-scale farmers. 
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5.1.2.2.5 Disruptive Range of Critical Supply Chain Riske: tclikrnva Diagram 
Out of a total 34 identified sources of risk across the vegetable supply chain, the Pareto 
Chart prioritized a total 16 high potential critical risks as indicated at the supply chain 
stages of input, production, post-harvest, and marketing & price. The disruptive range 
of critical risks at various stages of supply chain is exhibited in Ishikawa diagram 
(Figure 5.1 2.2 5). 
Of (he four stages of vegetable supply chain under the study, the disruptive 
range of all critical risks lies between RPN (minimum 222 — maximum 862). The 
disruptive range of critical risks at each stage of supply chain risk was estimated as 
input risk RPN (269 — 838), production risk RPM (222 - 845), post-hr  vest critical risk 
RPN (833- 845). and marketing & price risk RPN (493 - 862). 
The lshikawa diagram confirms that the producers face a spectrum of high 
polentialieritical risks at each stage of vegetable supply chain. However, the potential of 
critical risks may vary to different soeio-economic and funs groups. Considering the 
high potential of critical risks and marginalized status of maiority of ceunuy farmers, 
there is strong need to respond them through effective control actions and adoption 
strategies. Effective management of critical risks is not only important to meet the 
future need of food & nutritional security, but is also seen as the main pathway out of 
poverty for marginal and disadvantaged farm groups. 
5.1.3 Critical Supply Chain Risks Across Socin-Demographics and 
Farm Groups 
Agricultural risks are socially detrimental_ Critical risks were examined across 
demographics and farm groups using analysis of variance (ANOVA) to assess if there 
is any significant difference in the average RPN values. Important demograph€c and 
farm related decision variables identified were gender, age, education, social category, 
household income, landholdings and fanu category. Results presented in Tables 5.1.3 
indicate that almost all critical risks at the stages of input, production, post-harvest, and 
marketing & price were significantly more potential to female, older less 
educatediilliterate, socially backward, low income groups, and marginal & small farm 
groups. 
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Table 5.1.3: Critical suhpis chain risks across socio-demographics and liurm groups 
Stippis  Educatio 	i 	social Household 	Landhold ('hair 	Critical Risks 	 Gender Ace 
Stages 
n 	C ategors Income 	ings 
High cost of inputs 	 5.856* 2.594** 5.291* 3 3.,14" 28.755* _ 26.973* 
Lack of capital 	 1 	11.648* 34.792* 1.729 4.674* 41.685* 22.285* Input 	Shortac of inputs 2,792* 
Lack of collateral 	 0.188 0.582 2.408* 2,207* 1.817 1.851 
31.128* ~- 	\1'eathcr uncertainty & 7.327* 1.650 4.054* 47.178* 30.186* ( limate Chance 
Lack of technical skills%GAP 8.149* 4.933* 3.942* 45.459* 31.991* 41.936* 
Pmductio Crop diseaseTcrtnites r * 6.569* 4. 	~ - -1)~ * 4.355 * -I I 	:.) * .?7 2 1.145 * 28.866* :. 
Insect; 
Lack of access to farm 3.73$** 5.513* 5,729* 21 	87:` 11755* 25.566* lechnoloiv 
Lack of sorting" tcradinc 8.702* 3.744* 4.061 * 35.74(* 31.048* 35.587* 
Post- Lack of storage facility. cold 9.244* 2.201 5.350* 45 843* 29.619* 37.360* 
has\ cst chain I- 
2.832** 5.538* 36.310* 28.606* 34.150* j Lack of quality control 13.600* practices 
Lack of bargaining power 8.537* 4.997* 5.167* 50.08(1* 32.033* 50 248* 
Market price volatility 	 9.057* 2.559** 4.208* 39.197* 36.320* 31.340* 
Mlarkctin Lack of market information 1.708 3.•129* 3.606* 	20.')29'1 19.377* 30.020* 
& price Exploitation by middlemen 4.943** 3264* 4.071* 30.3 11 " 21.204* 39.858* 
Inaccessibility of market 	3.927** 2.613** l.242** 	j 10.585* 	J 8.688* 31.340* 
*signi ficant at I% level 	** significant at 5% lc\ el 
Section- B 
5.2 TREATMENT OF CRITICAL RISKS ACROSS 
VEGETABLE SL. PPI.Y CI IAIN 
(Post-Clustering Intervention Assessment) 
5.2.1 Risk Control Actions and Adoption of Critical Risk 
Management Strategies 
Risk manai ement is the planned control of risk. "l he risk e%aluation processes which 
prioritize the unacceptable level of risks critical risks are required effective control 
measures put into action to minimize the risks. Risk control is the reactive process of 
managing potential risks. Figure 5.2.1 depicts that risk control in olv es specific risk 
management approach strategy and execution of risk control actions In order to 
III II1I11lizalio11 reduction of the risk and further plan for risk impro\ ement. 
Figure 5.2.1: Risk control framework 
Review of R  
Minimization 
Reduction 
Risk 1Hinr(neWieni 
Several innovative mechanisms arc c olved and practicing at ground lc\cl for 
effective risk control and risk management. Since Independence, Government is 
continuing to support agriculture sector through risk manm-enIent policies and 
programmes and other important mechanisms. Apart from Government, private 
agencies and NGOs including community organizations are increasingly put effort to 
or`g:ltzed hrmels as an elleCt14'I° approach to empower them for effective risk 
management. 
5.2.1.1 Clustering: An Approach to Ejfective Risk Management 
Risk management is becoming a key issue for fanners and is aho receiving significant 
attention by Government, Private Sector / Agencies and NGOs. Farmers have been also 
seeking guidance and education on how they can better manage the agricultural risks-
Several field level experiments across the countries are going on to find out the 
effectively approach to counter agricultural risks. Past studies have shown that, in order 
to gain strength, organizing farmers into group is a powerful tool to educate and 
empower lnnmrs (_Muma. 2002: Goodwin and Schroeder, 1994). When farmers 
become organized, they find themselves in it better position to dual with agricultural 
risk through effective control measures. Clustering 11 is an innovative approach to 
organize farmers into groups, interlink and network them into cluster. This enables to t 
supply of agricultural risk management education and training to the farmers. 
On the similar approach, Agricultural Risk Management Agency Pvt. Ltd which 
is implementing Vegetable Risk Management Proket at the selected locations in the 
state of Uttar Pradesh (India), have organized vegetable farmers in small groups and 
networked them into cluster. the major steps and activities/tasks performed in the 
formation of cluster in order to implement the project are presented in Table 5,2.1.1-
Each cluster was geographically interconnected with 15 groups and also have active 
linkages with Government departments (Horticulture Department), Agricultural 
Universities/KVKs, financial institutions/banks. input suppliers/agencies, wholesale 
markets, local NGOs and Community Organizations. 
The Risk 'Management agency regularly organize Irainiugs and capacity 
building programmes to the cluster farmers on vegetable risk management and related 
aspects, according to f nners need. To provide technical knowledge and awareness, 
several workshops were organized on the emerging aspects of agriculture such as 
organic vegetable fanning, IPM and Precision Fainting. To strengthen the cluster, 
'Where ale ninny definitions pertaining to the concept of clustering that are oailablc in academic 
literature. This alums fronr the fact that the concept may be used OF u t uricty of dilTemnt business 
structures, applications and categories. The ditierent definitions of clustering are largely based on the 
categories from which they origlnatesuch as'. national-regional-cross-border dusters, clusters of 
competence, or industrial or production systems (Cmpinc¢i and Lima, 2009, APFC, 2005, Cnrtright, 
2006), 
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institutional linkages were established with Krishi Vigyan Kendra (KVKs), Horticulture 
Department. and Agriculture Department of Universities,' local ai ricuMarai colleges. 
Table 5.2.1.1: Major s!ej ind acti\ IIIes.tasks ot'thc ctusterin 	 hpr. ch 
Steps 	 kcti\ ities/Tasks 
i !) Site selection. partnership 	• Icicntitj• project site 
~•........` 	...... 	.......... v ..'.. 
Risk Nlanagentent 
- 	t_, flc1t? lIStI 	L1Ptt\k!I I t\.11111 ILI. V I lI_i 	IKul U 1G1 11111 	IN It,I 	,ItdgGVV MM%ZJ. 
(iovernment tIIorticulturc OeparlHtent), 	local N(iUs working on agricultural 
\' irking Groan (IZM\\ (it extension related acti\itics, development organi/ itiuns. standardized local 
agribusiness 	tirni. and input suppliers (lealer, eump;lnv agents, vegetables 
t.Irnters 
• Constituting 	R;\l\N (iN ith cOitsOrtia 	represrntativcs 
• ('onvene orientation sessions and planning meetings 
(') 	Mapping supply chain 	• Assist the RMWG to organize a local research team 
;Intl assessment of risk, 	• 	I'ro\ ide training to the research team 
• literatures survey and desk appraisal for content development 
• Develop research questionnaire and pilot tetI~t 
• II11111eiuietltalioll of - Sur\t'.\ 	in the protect areas 
• Data coding. Ctltr\ \li r.s and analysis of resulh 
• ( onsolidate 	plpilgS unto a report 
(3) 	Mobilisation. group 	• Mobilizing larnters an i Invite them for orientation meeting: and 
formation and clustering 	presentation of report 
• Describing the result' ,l1 risk involved at various stage, of vegetable supply 
chain 
• I'rovide orientation on risk management h:u;" and benefits of organizing 
into groups 
• \1 obi lizing tanners for the formation oI'groulp t,r risk management and 
idemititieatton ofgroulr leaders 
• Clustering of groups. identification of cluster leaders, conduct organizational 
planning 
• Cluster formed with cluster leaders 
• Objectives set to minimize the risks 
14t 	('luster strengthening and • Ensure that group and cluster leaders con enc regular meetings 
capacity building • Facilitate capacity building: 	risk management traininus. trans building 
t I ramming and technical activities, cluster cno••-t isits, exposure Mill.. reflection sessions etc. 
supports • Financial inclusion through institutional credit I1lk:Iuuies 
• Removal of intermediaries and efficient market linkages 
• Establish collection xnters nearby the vegetable production site 
• 'l'ransporl and logistics support and direct IiA:glges 1\ oh wholesale Ifiarkel 
• Collaboration with :\gricu{tural Universities 	K\'K; 	I lorticulture 
Departments/Marketing Agencies 
• Plan and Risk schedulpg', 
• Risk \iittlagelltetet eNsIgI1HCntS (who is responsible tar what) 
• Risk monitoring and r; 	ire\ 
(5t 	Monitoring cluster 	 • Regular performance report to individual groups and clusters 
performance and revie 	• Track and report risk status 
• 11IlTeanent SLl+!lrestions recoalnvelchtions fo r 	Farther ion 	ro\emcnts 
Exposure visits to selected cluster farmers were also organized by the consortia 
to teco\- jde them practical touch. Irrigation tN a ter user groups were also formed to ensure 
judicial and proper irrigation. Financial inclusion of almost all the cluster farmers was 
Risk scheduling is the process of integrating risk maulsgeHlwnt plan tasks into a project schedule. 
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To This 
ensured from the active support of local rural banks. Linkages with various agribusiness 
companiesiagencies/ local dealers dealing in farm input supply and services were 
established to facilitate collective purchase of quality inputs and access of farm 
services. Collective sell of vegetables were also facilitated by the Consortia (Figure 
5.2. I.1 a). Also, regular health checkups camp for cluster farmers were organized by the 
agency. 
Figure 5.2.1.1 a: Collective sale of vegetables for economics of scale 
Clustering strategy enabled the cluster farmers to access the wholesale and retail market 
which earlier was out of reach to them due to lack of economies of scale, poor quality 
of produce, lack of sorting & grading, and poor packaging & labelling (Figure 5.2.1.1b). 
Figure 5.2.1.1b: Market access - With and without cluster 
Before.... 
Farmer 	! 
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With cluster and capacity building & risk management 
Group 
Physical Flow 	No Information Flow 	 Financial Flow 
5.2.1.2 	Adoption of Critical Rick Control .Strategies Across Supply Chain 
The essence of managing agricultural risk is making good decisions and choosing best 
strategy among alternatives to reduce the impact of potential risks. The understanding 
of the farmers' reaction to risk through their selection and adoption of risk management 
strategies is vital to policy makers, development agencies, Government departments, 
and other supply chain stakeholders in order to take effective actions to improve the 
farm businesses. In the present study, the various critical risk management strategies 
adopted by farmers in order to counter the vegetable supply chain risks are presented 
below. 
5.2.1.2.1 	Critical Input Risk Management Strategies 
Table 5.2.1.2.1 presents the various strategies adopted by the farmers to manage the four 
critical input risks. There was significant difference between cluster and non-cluster 
farmers in the critical input risk management adoption behaviors. Collective buying of 
inputs was considered the most important risk management strategy adopted by 
majority of cluster farmers only. While non-cluster members preferred to buy when 
input prices were relatively low as compared to planting season. Use of own stored seed 
was also an important input source used by about quarter of farmers from both the 
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groups. This finding is similar to NSSO' results, which indicate that traditional farm 
saved seed still dominates the seed basket. In order to minimize the capital risk as 
critical one. majority of cluster farmers hre erred to horroa ec/ institutional crcalit 
followed by e tcnl.iie /ur,tiir. The di\ersiticatiott of economic acti\ ities towards non-
J,rm and aIIk l ucvivitic-.s• were major counter strategics adopted by non-cluster farmers. 
Previous studies also resulted that diversification was frequentl\ used risk management 
strategy, a self-insuring tool used by farmer; to protect against risk (Galati ct al. 2007; 
Joshi et al. 20061. 
Fable 5.2.1.2.1: Critical input risk manaeement stratcuies 
Cluster Nun-Cluster Chi-square 
Statistics 
Strategies for mitnaging high cost of 
in puts 
13u>in 	when pclees are rc1atie1y low 4 2.3 35 22.2 
C'uilectivc hu 	_ 
Use of own stored seed 
41 47.4 
20.9 
0 
39 
0.0 
46 24.7 
Extensive fanning 30 17.5 0 0.0 y,'; 197.705 
Contract arrangements   (t 0.0 
tl.0 
l 	l (LK 
_25 	I S.fi 
/)=()()y) 
Profit sharing with dealer for inputs on 
Credit 
l)o nothin- 	10 5.8 42 	26.6 
Strategies for c 1 lital risk management 
THuFmy 	rmtit1tUtltinia1 farm Credit 89 
(J 
57.8 
0.O 
12 
17 
9.3 
13.2 Contract larntin ,  
Extensive fanning 40 26.0 12 9.3 
17.1 = 160.967 Diversification towards allied activities 0 0.0 22 
Non-tarn( activdt)' (l 0.0 32 	24.8  
Scllini-out land 0 0.0 2 	1.6 
Do nothini U 0.0 14 10.9 
Other. 25 10.2 l;c 14.0 
Strategies for managing shortage of 
c ualith input 
Prior purchase  4 2.4 33 22,0 
Liaisonine with input dealer 108 64.3 1;( 12.0 - 
Bu n inferior gualit 	input from open market 0 0.1) 44 29.3 
Sharing, with fellow farmers ?3 13.7 21 14.0 _ )y() 34 
Diversification towards ag. allied activities (J 0.0 N 5.3 l)-0.0!O 
Do nothinu (J 0.0 24 16.0 
Others 33 19.6 2 1.3 
Strategies for collateral arrangements 
Partnering, \% ith 	rime bank customers 26 15.5 9 6.0 
Mortgaging 0 0.0 40 26.7 
(iroup formation and linkages with bank 104 61.c) t) UO r = 2'1.365 
(roup formation and linkages with NMFI 11 6.5 0 0.0 p-~1.00t1 
Do nothing 27 16.1 101 67.3 
13Nss i')''Rv.tri*.( Rcporr (Nu. 4')66 4 0)91 
Im 
Shortage of inputs and lack of vimely availability of input were the most 
common sources of risk to farmers in India (Ali and Nath, 2008). A nigh proportion of 
the cluster fanners (64%) reported to have liui coning with input dealer in ensure timcly 
supply of necessary inputs. While non-cluster farmers adopted strategies were buy 
inferior quality input from open market and prior purchase of inputs. For collateral 
arrangements. the cluster farmers were well organced into groups and gone for bank 
linkages. Majority of non-cluster farmers were helpless and some 26.7 percent believed 
in mortgaging for collateral arrangements. Similar observations from ground level 
studies obtained which indicate that unorganized farmers werc nrare vulnerable to 
access farm inputs as compared to organized one (Deshingkar et al, 2003; Bei'gfjord 
2009). 
5.2.1.2.2 	Critical Production Risk Mmmge,nent Strategies 
Risk management is largely attributed to production risk management. Table 5.2.1.2.2 
demonstrate that regular accesses to weudrer forecast information and new cropping 
pattern were useful strategies adapted by cluster farmers to respond the critical risk of 
weather uncertainty & climate change. While due to lack of education and information 
majority of non-cluster farmers were helpless to counter this. Importantly, some 21 
percent were accessing wccithcr forecast Inforvotirn from relevant sources. 
A variety of preventive strategies for crop disease and termites/insects were 
adopted by both cluster & non-cluster farmers which includes seeking 
expert/agricultural .scientists advice, use of IPM, and application 0/ clean irrigation 
water, crop ,'oration, use of hybrid/GM seeds & pesticatc.s/insec tic ides and field sanitatiwr. 
Some 20 percent non-cluster farmers reported to do nothing to prevent the same. 
Learning advanced technical skills and good agricultural practices (GAP) always 
helping out larmcrs in practicing commercial agriculture (Caswell et al., 2001; 
Calloway and Mochrie, 2005). About a quarter of cluster farmers reported to participate 
infield demonstration and farm visits organized by the NGOs/agencies. Leamings from 
TV/Radio programmes on production rk,k management also reported by some thrmcrs 
from both the groups. About 45 percent of the cluster farmers were also advancing their 
technical skills from fellow farmers, commercial vegetable growers, and farmers filed 
school (FFS). Importantly, more than half of the non-cluster farmers were not involved 
in any skill up-gradation programmes on agricultural production. 
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Table 5.2.1.2.2: Critical production risk management strategies 
Cluster 
1' 	% 
Non-Cluster 
"& 
Chi-square 
Statistics 
Strategies for managing weather 
uncertaint 	& Climate Change 
he!olar access to weather forecast info. 	85 49.7 33 20.9 
l ro ) insurance 	 12 7.0 5 3.2 r' = 145.3?f 
Adopt new cropping pattern 	 64 37.4 l 	1 7.0 =0.000 
I)o nothing 	 10 5.8 109 69.0 
p 
Strategies for CAP & technical skills 
Demonstration & lilrm visits organized by 
\GOs Private agencies 	 42 25.0 8 5.3 
Demonstration & farm visits organized by 
KVKs :1g. University 	 2 1.2 12 8.0 
TViRadio programmes on agriculture 	 29 17.3 19 12.7 p=O.1)00 
Do nothing 	 18 10.7 tit 54.0 
Others 	 77 45.8 30 20.0 
Strategies for minimizing crop disease & 
attack of termites/insects 
Use of hvbrid GM seeds 	 17 9.9 32 20.3 
Use of pesticidcsr'insecticides 	 I5 8.8 43 27.2 
Crop rotation 17 9.9 II 7.0 
/' = 96. 782 Field sanitation 14 8.2 7 4.4 
Use of clean irrigation water 20 11.7 10 6.3 =0.000 
Expert Ag-scientist's advice 56 32.7 10 6.3 
1, 
Use of 11'M 32 18.7 13 8.2 
Do nothlne 	 0 
Strategies to access farm technology 
Collective buying: access 	 49 
0.0 32 20.3 
29.2 0 -  0.0 
Seek Govt. support to enable access farm tech 	9 5.4 40 26.7 
Approach:r:'ricuJtunt! universities KVKs etc. 	2 1.2 12 8.0 
Use of mass media & E-junctions 	 j 	29 17.3 19 12.7 ' = 92  359 
Attend training programmes Camp organized 	( 
by NGOs!Private agencies 	 79 47.0 4 2.7 
/)-0.( t0 tt 
Do nothing 	 0 0.0 75 50.1) 
Technology plays crucial role in increase productivity of agriculture. However, 
individual and unorganized farmers always find it is difficult purchase/access of farm 
technology due to lack of capital and high cost of maintenance. Cluster farmers 
preferred toattend training progrcurriuc (anrp urgcrftizecl by the consortia in 
cooperation with manufacturing firms where cluster Farmers \\ere (liven discount on 
buying of farm equipments. Collective boring of farm equipments was also promoted 
and supported by the consortia. Some cluster farmers also found the way to access 
technology through muss media & E-/unctions. Half of the nun-cluster farmers were 
helpless to purchase. access farm technology and some 26.7 percent farmers were 
seeking Government .support to enable the access farm technology. 
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5.2.1.2.3 	Critical Post-harvest Risk Alantl'ement StratL'ties 
Post harvest is the most important value addition stage where more than 75% value 
addition activities were performed. Also, this stage is known Ior huge produce losses in 
the country due to intrastructural bottleneck and limited processing (only 2.2% of total 
production. Table 5.2.1.2.3 reports the risk management strategies adopted by the 
farmers to counter critical post-harvest rides and also for value addition.. significant 
majorit\ (93("o') of cluster larmers and 16.5 percent non-cluster farmers reported to 
pertortn .curriu d wading Value addition acti\ ity. Remaining majority (83.5%) of non-
cluster farmers reported to c/o lwlllillg. 
\'egetables are one of the most perishable crops Which require it urgent. reach to 
the market. processing centre/cold storage. Considering; the perishable nature of the 
produce. a majority (64.9°x) of cluster farmers and some (8.9°%) non-cluster farmers 
preferred to .yak' install! a/tc'r hurl'est it. More than 7 percent non-cluster tarmers 
reported to (/0 noihiorg. More than half of the cluster f;orrvner' were also reported to 
attend trainings on quality control and standards measures/practices. Moreover, (,00 / 
fgricultw'aI PPUCtice. (GAP) across farm Operations was also performed by majority of 
cluster (43.3%) and some (8.9%lo) non-cluster farmers. Majority of lion-cluster farmers 
were not participating in quality control practices. 
Table 5.3.1.2.3: Critical post-harvest risk manacement strateeies 
Cluster Non-Cluster Chi-square 
Statistics \' 	1 % ,\ ",", 
Strategies for sortie /grading 
l)o sorting & 	r iding, of iroduce 159 93.0 26 16.5 
l)u nothiiie 12 7.0 132 83.5 
X 	195.408 
p 	(1.01)0 
Strategies for storage of food produce 
8.9 Sale instant after harvest 	 1 l 1 64.9 14 
Store at public] rivate cold storage 13 7.6 10 10.1 )3/ 	77 X= \tarketine contracts 0 0.0 15 9.5 
Do nothing 5 2.9 113 71.5  
Other. 42 24.6 0 0.0 
Strategies for c uality control practices 
:\ttended training can cluali1 	Control rtiCasures 
k)llu\% (tall across tarns operations 
55 
7-t 
51.5 
43.3 
(1 0.0 
;t.9 X - 24O.93 14 
Do nothing 9 5.3 143 91.1 p=0.000 
5.2.1.2.4 	Critical . Iarketin,, and Price Risk Jlanagement Strategies 
Managing critical marketing risks are crucial to save farmers from the exploitation by 
middlemen and also to provide them reasonable price of their produce. Table 5.2.1.2.4 
presents major strategies adapted by the farmers to manage critical marketing and price 
risks. The clustering Strategy enabled lur economies of scale and collective b(lr,,cri►ting 
which helped farmers to reach out their produce directly to the wholesale markets / 
I)roc€'ssors / retailers. Majority of the non-cluster farmers were helpless to counter the 
critical marketing and price risks. However, market information was accessed by both 
the groups from the sources of social net\ ork including fellow farmers and mass 
media IC'T & mobile phones. 
Table 5.2.1.2.4: Critical marketing and price risk manajuement stratewies 
Cluster Non-Cluster Chi-square 
St.Mlstics `_ 
Strategies to increase bargaining power 
Colle~ll1 e bargaining 105 90.5 O 0.() x = 305.842 
Do nothing_ 6 3.5 158 1(1O.() =0.000 
Strategies for managing market price 
olatilitv 
Marketing contracts 0 0.0 19 12.1 
Do nothing O 0.0 110 70.0 X = 239.000 
Other, 171 100.0 28 17.9 1)=_1.000 
Strategies to access market information 
Use of mohile 	hone  2 18.7 45 28.5 
Use of mass media /ICTs (radio'TV) 40 23.4 34 21.5 y' _ 4.569 
Use of social network 46 26.9 39 24.7 =0.000 
Access from fellow I'arrocr. 53 31.0 4t1 25.3 
P 
Strategies for preventing exploitation by 
middlemen& market access 
N'larketin 	Contracts t) 0.0 19 12.1 
('ollectivel 	sell at organized markets: 
wholesale markets/ processors/retailers 171 100.0 1- IU.8 
77.1 
X= -'66.036 
p=0.000 
1)o nothing 0 0.0 121 
5.2.2 Socio-Demographic Factors Affecting Management of Critical 
Supply Chain Risks 
Table 5.2.2 presents the investigation results of analysis of variance (J NOVA) of 
various demographic and farm related factors affecting the management of critical risks 
across supply chain. The findings clearly indicate that many socio-economic factors 
viz. -ender, age and education do not play any significant role in the management of 
critical supply chain risks. However, social category plays a significant role in the 
management of some of the critical supply chain risks. As the farmers belong to OBC 
category were more effective in the management of capital requirements and shortage 
of inputs; as compared to other social coups. The General category farmers were 
impressive in the management of market price volatility and to Ilse access of farm 
technology. The household income and landholdings were found to he significant 
factors positively influencing the management of critical risks across the supply chain. 
Large farmers and/or those belonging to high income groups were significantly 
performing well in management of critical risks across supply chain. 
Table 5.2,2: f actors affecting management of critical risks across supplyy chain  
Supply chain Critical Risks - 	Social Household LandhoI 
staff Gender Age Educenon _~ Category Income dingy 
High cost of inputs 0.000 0.696 11.150* 0.062 	2.40 8.441* 
Lack of capital 1.296 1.060 0.413 3.081** 6.617 	.14267* 
Input Shortage of quality 0.542 I 	27 0.615 1.271 7.082" 15.145' 
111) 	t5 
Lack of collateral 0.458 0.240 1.120 33.396* 1,013 3.986** 
Weather uncertainty & 0,130 0.228 1.696 1.670 6.352* 11.984* Climate Change 
Lack of technical skills 0.195 	0.724 0.506 1.847 	9.105" 14.049* &GAP Production Crop disease & Termites 0.234 	1.534 0.038 1.456 	7.399' 12.209*  (insects 
Lack of access to farm 1227 	0019 0.372 3.445** 	7,607* 21.715` 
_ technnl~ _ 
0.929 1.010 5.335* 15.791* Lack ofsorting/grading 	0.235 	0.637 
Post-harvest Lack of storage facility/ 0.409 0,370 0.385 1.429 8.057* 17.871"' 
risks coldchain 
1.196 Lack ofqual lty control 0.105 C199S 2.887 7.132* 8.591* practices 
Lack of bargaining 
0,721 0.114 0.461 2.981 6.8453' 9,739* aver 
Market price volatility 0.782 	0.196 0.480 4.397 9.143* 19.372* 
Marketing R Lack of market 0.071 	0.390 	1.004 1 43 	9.265" 9.220* price information 
Cxploitation by 	0.001) ~middlemen 1)195 	0.242 1.083 	5397* 9.993* 
Inaccessibility of market 	3.583 0.736 1.427 2.325 	2.835" 20.130* 
-sieniticant at 1% level "" simifeant at 5% level 
5.2.3 Comparative Review of Risk Levels Between Cluster & Non-
Cluster 
Risk Management is a continuous improvement process. Effective risk management 
requires review of impact assessment to ensure that risks are effectively identified and 
that appropriate controls and responses are in place. Under the present study, for the 
cluster farm groups, the interventions to manage critical input risks were made by Risk 
Management Agency Pvt_ Ltd whereas no special interventions were made for non-
cluster participants. For the review of impact assessment of the risk control plans i 
strategies, the comparison of average RPN estimates between cluster and non-cluster 
farm groups in the post-intervention period may provide exiting results. Such review 
process provides assurance that there are appropriate risk controls measures are in 
place. Also, the review process is of paranlotult importance which involves acquiring 
new information and determining appropriate risk reduction measures according to 
changing circumstances. 
5.2.3. 1 Comparative Review of'Inpul Risks 
Fable 5.2.3.1 reveals the comparative revie of comparative input risk levels between 
cluster and non-cluster groups. It clearly shows that there were significant differences 
between cluster and non-cluster producers in RPN estimates of all the sources of input 
risk with comparatively low value of RPN value of cluster participants. Importantly, the 
strategies for critical input risk management have also fuelled to decrease the non-
critical input risks by cluster groups. 
Table 5.2.3. I : C'eminarative review of input risk levels 
Sources of input risk 
I li'-'h east of inputs 
RPN F- 
Statistics 
715.838 
Sig. 
0.000 
Total ('luster Non-(7trstrr 
679 406 269 
Lack of capital 406 268 682 872.229 0.000 
Shortage of quality inputs 399 253 690 983.242 0.000 
Timely unamailability 153 126 207 94.619 0.000 
Lack of collateral 151 91 272 557.340 0.0(1(1 
Lack of financial inclusion 135 96 215 137.115 0.000 
High interest rate for loans 117 92 167 142.228 0.000 
Poor quality 96 62 164 393.893 0.00O 
5.2.3.2 Coinparative Review of Production Risks 
Table 5.2.3.2 displays comparative review of production risk le% els between cluster and 
non-cluster groups. Except the natural calamities such as hail tempest, drought and 
flood, the cluster members were significantly managed all remaining critical production 
risk as indicated by the low RPN estimates as compared to the non-cluster. Also, the 
strategies adopted by cluster farmers to manage the critical production risks were 
effective and proven to be fruitful for non-critical risks encompassing production risk, 
especially for lack of irrigation and illness disability. The unorganized non-cluster 
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farmers seems to be helpless to manage the production risk as there was no remarkable 
reduction in RPN estimates of production risks. 
Fable 5.2.3.2: Comparative review of production risk levels 
Sources of production risk Non- Iota! 	Cluster 	Cltr.ctcr 	Statistics 
Sig. 
Crop > disease & Termites insects 	 422 262 742 799.304 0.000 
Lack of technical skills & knowledge of 
GAP 	 401 264 674 767.131 0.000 
Weather uncertainty & Climate Change 396 260 668 765.534 0.000 
Hail tempest 127 125 132 I.799 0.181 
Lack of irrigation 102 89 128 34.247 0.000 
Lack of access to farm technology 96 	40 209 	605.660 0.000 
0.382 
0.637 
Drouwht 65 	66 63 
6J 
0.768 
0.223 Flood  63 64 
Illness Injurvdisability.  death 51 26 101 459.462 0.000 
1 Shortage of reliable labour 39 28 63 267.179 0.000 
5.2.3. 3 Comparative Review' of'Post-Ilurvest Risks 
I'he comparative re \ ie%\ of post-har\ est risk levels between cluster and non-cluster 
groups are presented in Table 5.2.3.3. The F-statistics shows that there were significant 
differences between cluster and non-cluster farm groups in post-harvest risk 
management with better risk management by the cluster members. As indicated by 
comparati\'ely lo g\ RPN estimates by cluster members, they were able to counter the 
post-harvest risks effectively through the learning and adoption of better post-harvest 
practices than non-cluster. 
Fable 5.2.3.3: C.omnarative review of nost-harvest risk levels 
Sources of post-h a 	est risk  • 	 :\'on- 	1 - Total 	(hisse, 	C /uster 	Statistics 
Sig 
Lack of sorting!erading 	 433 245 810 1172.309 0.000 
Lack of storage tacilitr cold chain 417 256 740 1048.126 0.000 
Lack of 	uality control practices 393 260 659 810.064 0.000 
Poor packaging 100 64 172 386.499 0.000 
Lack of labelling 85 64 127 i 	261.811 0.000 
In 	ro er product handling 58 41 92 1 1 1.813 0.000 
Lack ol'branding 32 26 46 1 	65.293 j 	0.00O 
5.2.3. 4 Comparative Review of Murketin;; &r Price Risks 
Fable 5.2.3.4 presents the comparative review of marketing & price risk levels between 
cluster and non-cluster groups. Like the earlier stages oh suppl\ chain (input. production 
!]a 
&post-harvest). the cluster members were significant more capable to effectively 
manage the marketing & price risks as compared to counter-part (non-cluster). 
l ahlc 5.2.3.4: ('omnarati\ e review of marketing & price risk levels 
Sources of marketing & price 	 RPN 
risk 	 Total 	C lu.ctcr 	Non-(7u.ste►• 
Market price volatility 444 264 804 
F- 
Statistics Si~. 
0.(i0O J1226.718 
Fx ploitation by middlemen 	400 272 657 631.634 0.000 
Lack of bargaining, power 400 265 670 719.783 0.000 
Lack of market information 399 256 683 815.310 0.000 
Low market demand of  272 272 270 0.035 0.852 
Lack of transportation facility 250 163 424 675.595 0.000 
Lack Of disct'InlInatory pricing 
for c n 	.ided produce 
65 
59 
44 
1 	2'' 
107 103.931 0.000 
Inaccessibility of market -T 1 24 — -690.189 0.000 
I)iftieulties at market place 35 29 46 41.546 0.000 
The above risk performance by cluster members explicitly demarcates the very 
fact that the capacity building interventions made by the Risk Management Agency Pvt. 
Ltd to manage the critical risks across the vegetable supply chain were noteworthy 
enough to mark the difference between the business as usual and with focussed 
interventions. 
5.2.4 Comparative Review of Risk Reduction between ('luster & 
Non-Cluster 
5.2.4.1 Colppmo•ati►'e Reduction ol'Input Risk 
Figure 5.2.4.1 reveals the comparative percentage reduction in RPN for various input 
risks within cluster & non-cluster. It is clear that the percentage reduction in RPN for 
all inputs risks by cluster farmers was much higher than its counterpart and there exists 
it sea difference between these two groups. The peak 68.1 percent reduction in RPN for 
lug/r cost o/' inputs was observed for cluster farmers. The performance explicitly 
demarcates the very fact that the capacity building interventions made by the Risk 
Management Agency Pvt. Ltd to manage the input risk were note\\orthy enough to 
mark the difference between the businesses as usual and with focussed interventions. 
Importantly, the strategies for critical input risk management have also fuelled to 
decrease the non-critical input risks. As RPN values for almost all non-critical input 
risks such as pODr qumitt' 0/ inputs, lack of access of /rnunaral institutions and I:t At 
ilterest rule./or• loans \\ ere also reduced for cluster members. 
114 
Figure 5.2.4.1: Comparative percentage reduction of input risks 
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5.2.4.2 Comparative Reduction of Production Risk 
Figure 5.2.4.2 displays comparative percentage reduction in RPN for production risks 
within cluster & non-cluster. Estimate indicates that the strategies adopted by cluster 
larmers to manage the critical production risks were effective and proved to be fruitful 
even for non-critical risks encompassing production risk, especially for lack of 
irrigation and illness/disability. The highest 81.8 percent reduction in RPN for lack of 
access to farm technology was observed for cluster farmers. However, negligible/no 
difference in RPN values could be noticed in terms of natural calamities such as flood, 
drought, hail etc. The unorganized non-cluster farmers seems to be helpless to manage 
the production risk as there was no remarkable reduction in RPN values of their counter 
interventions. 
Figure 5.2.4.2: Comparative percentage reduction of production risks 
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5.2.4.3 Comparative Reduatinn of Post-Harvest Risk 
Figure 5.2.4.3 presents comparative percentage reduction in RPN for post harvest risks 
within cluster & non-cluster. The performance for post-harvest risk reduction (in terms 
of RPN values) of cluster farmers is for better than non-cluster. The highest percentage 
reduction in RPN for post harvcst risk was noticed for cluster farmers to lack of sorting' 
grading followed by lack of storage facility and poor quality control practices. A 
maximum 20.8 percent reduction in RPN for improper product handling was observed 
for non-cluster farmers. 
Figure 5.2.4.3: Comparative percentage reduction of post-harvest risks 
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5.2.4.4 Comparative Reduction of Marketing & Price Risks 
Figure 12.4.4 portraits the comparative performance of marketing and price risk 
reduction within cluster & non-cluster. The percentage reduction in RPN values for all 
five critical risks (inaccessibility of market, exploitation by middlemen, lack of market 
information, lack of bargaining power, and market price volatility) indicate that the 
performance of cluster farmers were for better than non-cluster. However, the non-
cluster farmers were performed well in decreasing the risk of market inaccessibility. 
Improving rural infrastructures such as road and bridges due to Government 
interventions through MGNREGA and Pradhan Mantri Gram Sadak Yojna (PMGSY) 
could be contributing factors to improve farmer - market linkages. 
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Above review analysis of risk reduction within cluster and non-cluster again 
confirms that clustering approach enabled the cluster members to effectively 
management of both critical and non-critical risk across the vegetable supply chain. In 
contrast, the non-cluster farmers through traditional risk management approach and 
strategies were not effective to manage both critical and non-critical risk across the 
chain, when compared with cluster. 
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Figure 5.2.4.4: Comparative percentage reduction of marketing & price risks 
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CONCLUSIONS, IMPLICATIONS AND 
SUGGESTIONS 
This chapter summarizes the relevant findings (based on statistical C\ idence) generated 
throughout the research process and concludes with their implications. For further 
details and the underlying (acts and e\ idences the concerned chapters may be referred. 
The study also explains recommendations derived from the findings and observations. 
Possible directions for further researches are also indicated. 
6.1 Summary of Conclusions 
l'he nmanaLlement of atricultuual risks in de eloping countries is one of the greatest 
challenges of the 21st century. This research was broadly motivated to address the 
challenges of risk management in agriculture and agricultural supply chain in Indian 
context with special reference to the vegetable value chain. 
Managing agricultural risk in emerging economy like India \\ hich is passing 
through a transition and structural changes is a very difficult task, Major conclusion 
drawn from the examination of' transition and structural shill in Indian agriculture 
(Chapter I ) shows that there is a clear shill in agricultural production lroin traditional 
R odgrains to high-value and 'more dynamic agricultural commodities such as fruits 
and vegetables• milk and milk products, meat. fish, and processed food products. High 
value crops are costly to produce and risky to manage besides being more market 
dependent and highly perishable. Studies have suggested that, cultivation of high value 
horticultural crops such as fruits and vegetables are capital intensive hence more risky 
particularly to small-scale farmers. However. it can potentially increase farm incomes 
and contribute to employment if an effective and integrated risk management approach 
to be adopted. Therefore, horticulture-led agriculture growth has multiplier eflects and 
his important implications for food & nutritional security, and poverty reduction in the 
country. As suggested by findings that despite relatively small share of horticulture 
crops in arable land use, the contribution o1' \ aloe that horticultural production adds to 
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total agriculture in the country is impressive. High value vegetables are significant and 
major contributor to total horticultural production in India. Considered as a vegetable 
basket of the world. India is the second largest producer of vegetables in the world 
which accounts for about more than 15 percent of the world's production of vegetables. 
Out of slates, Uttar Pradesh was estimated as one of the largest contributor to national 
production with 16 percent share from about 13 percent area under vegetable 
cultivation. 
The nation is also experiencing an increasing trend in organized retailing in food 
& grocery, rural retailing & food services market. The organized food and grocery retail 
market is estimated at US$ 9 billion in 201 I and is expected to grow to USS 34 billion 
by 2016, at CAGR of 30%. Likewise, organized rural retail and food service markets 
are projected to multi-fold grow in near future. However, the future growth of 
organized retail industry to it large extent depends on agricultural supply chain. So. 
efforts must be made to manage potentialicritical agricultural risks for efficient and 
effective performance of the supply chain. 
There are multiple and simultaneous sources of risks faced by farmers at all the 
stages of agricultural supply chain. Literature on agricultural risks (Chapter 2) has 
identified various sources of risk in across the vegetable supply chain that has negative 
impact on the supply chain performance. Considering the occurrence of risk across the 
chain, the sources of risk have been classified into categories such as input, production, 
post-harvest and price & marketing. Conclusion drawn from literature survey on 
agricultural nsk management can be summarized that the agrarian communities have 
traditionally employed various formal and informal strategies to manage agricultural 
risk, either before (Ex-ante) or after the effects of risk (fix-post). Ex-ante strategies can 
reduce risk (by eradicating pests or farm management, for example) or Limit  exposure to 
risk (grow pest-resistant varieties or diversfy into crops unaffected by those pests, 
improved infomradon system). Risk can also he mitigated using Ex-ante strategies by 
buying insurance or through other responses to expected losses such as self-insurance 
(precautionary savings) or reliance on social networks (for access to community 
savings, for example). Ex—post strategies which are adopted to cope with losses from 
risks that have already occurred include selling of assets, seeking temporary 
employment, off-farm work and migration. Governments provides supports to the 
affected families through formal safety nets such as subsidies, waiver (cancellation) of 
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crop loans, social assistance & social funds, rural public works programs, and food aid 
to help farms and firms (and their laborers) cope with negative impacts of risky events. 
The study has identified a research gap in the agricultural risk management 
literature (Chapter 3). Currently, traditional risk management process is fragmented, ad-
hoe, non-continuous and narrow focused which does not integrate small scale farmers 
in the supply chain. This research addressed this research gap and contributes as new 
body of literature. This study was undertaken with broad objective of developing an 
integrated framework for the systematic management of potential critical risks in 
agricultural supply chain with special reference to upstream vegetable supply chain. 
The framework provides a systematic way of risk management in an integrated, 
continuous, and broadly focused approach. 
This research used both secondary and primary data and adopted appropriate 
methods to conduct this study (Chapter 4). The secondary data largely used to show the 
ongoing transition and structural shift towards high value agriculture. While the 
primary data was employed to investigate the integrated framework of risk 
management, this study justified the use of Failure Modes and Effects Analysis 
(FMEA) considering its 3D approach to assess the risk on dimensions of severity (S), 
occurrence (0) and detection (D) probabilities. Pareto Analysis was also attempted and 
it was found to be better alternative of Risk Matrix to prioritize the potential risks. The 
Ishikawa diagram greatly helped to structure the risk analysis process as it represents 
the potential risk ranges at various stage of the supply chain. 
Managing all the risks is virtually impossible. Hence, this study focused on 
identifying the potential risks at all the stages of the supply chain. Conclusion drawn 
from risk assessment and prioritization (Chapter 5: Section-A) indicate that out of 34 
listed risks in vegetable supply chain, Pareto Analysis has identified a total 16 risks as 
of high potential/critical. Ishikawa diagram exhibited the disruptive ranges of 
potential critical risk at all the stages of vegetable supply chain. Analysis also resulted 
that almost all the identified potential/critical risks of vegetable supply chain (at the 
stages of input, production, post-harvest, and marketing & price) were significantly 
more potential to female, older, illiterate less educated, socially backward, low income 
groups, and small-scale farm groups. 
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An integrated approach to risk management in supply chain facilitates active 
participation of all the stakeholders, increase social networks, promotes learning, offers 
institutional and credit support, optimum use of limited resources, promotes quality 
improvements, increases returns to scale/economies of scale, high returns on 
investment, promotes innovation and continuous improvements. In the present study, 
clustering strategy was adopted as an integrated approach to risk management in 
vegetable supply chain. The Risk Management Agency Pvt. Ltd., the project 
implementation agency, which have organized the vegetable growers into small groups 
and networked them into cluster. The agency have formed consortia with Krishi Vigyan 
Kendra (KVKs), horticulture and agriculture department of universities/local 
agricultural colleges, Rural Banks, agribusiness firms, farm input dealers, food & rural 
retailers, NGOs and community based organisations (CBOs) to extend all possible 
supports to the cluster for effective risk management in vegetable Supply chain. The 
consortia actively involved in organizing exposure visits to cluster thrnters, capacity 
building programmes, technical assistance. financial inclusion of them in formal 
financial system, formation of irrigation water user groups, facilitation of collective 
purchase of quality furor inputs & collective sell, collective access of farm services. 
Importantly, the consortia also extended the social services to the cluster members such 
as regular health checkups and literacy camp for the farmers & their spouse. 
Conclusions drawn from findings (Chapter 5: Section-B) indicate that the 
cluster famers were significantly and effectively managed the potential/critical risks at 
all the stages of the supply chain as compared to non-cluster. Importantly, the risk 
management strategies adopted by cluster farmers for critical risk management have 
also fuelled to decrease the non-critical risks. In contrast, the nun-cluster farmers 
through traditional risk management approach and control strategies were not etlective 
to manage both critical and non-critical risks in the supply chain, The results generated 
from findings indicate that some socio-econrnnic factors viz, gander, age and education 
do not play any significant role in the management of critical supply chain risks_ 
Whereas, socially backward, large farmers and those helonging to high income groups 
were significantly performing well in management of critical risks in the supply chain. 
In conclusion, the research study has been successful in achieving its objectives. 
The proposed framework of risk management in agricultural supply chain management 
was researched and concluded to be a scientific, integrated and continuous. This study 
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has great managerial and policy implications to integrate small-scale farmers into high 
value chain, enabling the smallholders to remain competitive, synergic institutional 
arrangements of public and private including NGOs & CBOs. optimum use of limited 
resources, quality improvements, economies of scale, and linking farmers with 
emerging global food retail chains. 
6.2 Recommendations 
The study demonstrated the effectiveness of integrated approach of systematic risk 
management in agricultural supply chain. The following recommendations were 
derived from the findings of this research stud\: 
(I) Considering the success of the vegetables cluster in managing risks across the 
supply chain, clustering may be adopted as an important strategy for the 
development of farm-entrepreneurship in the country 
(2) The integrated supply chain risk management should be considered as an integral 
strategy for the promotion and development of crop enterprises particularly for 
commercial crops. 
(3) An integrated supply chain risk management planning must consider institutional 
component, methodological component, operational component. producers review 
component, environment and climate component. 
(4) An intee aced supply chain risk management should essentially involve a 
systematic process of risk identification, assessment, prioritization, risk treatment, 
risk monitoring and review of risk. 
(5) hhe institutional consortia./ participation (Public-Private NGOs-CBOs-Fanners) to 
cover and address all possible sources of agricultural risk should be an integral part 
of an integrated supply chain risk management framework with clearly defined role 
of all the stakeholders. 
(6) Primary attention should specifically be devoted to addressing risks categorized as 
'critical/ highly potential'. •I'he 'critical potential' risks should be identified at all 
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the stages of the agricultural supply chain. The potential risks may be identified 
considering all the three dimensions of risk viz. probabilities of occurrence. 
severity and detection. 
(7) Priority for the facilitation of potential risk management might be given to 
smallholder, poor farmers by organizing them into groups, capacity building, skill 
upgradation. technology transfer, bank linkages and clustering. 
(9) Training and capacity building (awareness raising, information, knowledge and 
skills) should be a regular activity to strengthen the capacity of farmers to deal 
with potential risks. The institutional linkages for financial arrangements and for 
financial inclusion and upgrade technical skills and other social benefits should be 
essential for all producers. 
(9) The effort shall be made to sustain the cluster through ens ironmentally sustainable 
cultivation technologies, sustainable market access, vvastage minimization, primary 
processing and value addition, logistics and transportation, infrastructural support, 
institutional linkages, farm entrepreneurship and leadership. 
(10) Initial attention should be given to possible ex-ante measure,, to manage risks, 
although in some circumstances assessments .gill be conducted duringiafter 
adverse 'shocks' and attention will certainly be needed on workable and effective 
coping strategies. 
(I l) Attention may be given to both formal and informal risk management options 
including indigenous knowledge of risk management depending upon its 
effectiveness in the prevailing circumstances. However, preference should be given 
to adopt formal mechanisms of potential risk management. 
(12) There is strong need for the provision of customized, accurate, timely, consistent, 
and \aluable information and market intelligence to the producers. Increased 
interdisciplinary collaboration between meteorologists, agronomists, and local 
agricultural institutions (KVKs'Uni\ersities) can improve the quality of 
information which may optimize farming decisions relative to the agricultural risks 
and uncertainties. 
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6.3 Direction for Future Research 
As this study is limited to a specific crop I\egetables), it vill he interesting to 
investigate the integrated framework of supply chain risk management for other crops 
and agricultural enterprises. Future researches may he also conducted to investigate the 
relationship between risk management, agricultural sustainability and food security. 
The emerging dimensions of food security such as agricultural virtual water may also 
be a new avenue for future researches in the context of risk management. 
124 
REFERENCES/ BIBLIOGRAPY 
Acharva, S.S. (2006). Risks in Agriculture: Some Issues, Agricultural Economics 
Research Review. Vol. 19, pp 1-9. 
Adebavo, K.. Babu. S., and Rhoe, V. (2009.) Institutional capacity for designing and 
implementing agricultural and rural development policies and strategies in Nigeria. 
Nigeria Strategy Support Program (NSSP i Background Paper No. NSSP 008. 
December. Washington, D.C. 
:Ade\a. N. (2006). Knowledge. teehnolog and growth: the case of Lake Victoria 
Fishing Cluster in Uganda (draft), \V 131 Ati-ica Cluster Case Study. World Bank 
Institute, WW orld Bank, Washington, D.C. 
ldmassu B.. Lind V., Freidt W. and Ordon F. (2008). Virulence analysis of Puccinia 
,,raminis. Tritici populations in Ethiopia with special consideration of UG99. Plant 
Pathol. Vol. 58. pp. 362-369. 
Agarwal, B. (2010). Rethinking Agricultural Production Collectivities: The case for a 
(Troup approach to energize agriculture and empower poor farmers. IL(; Working Paper 
No. 305. 
Aggarwal, P.K. and Sinha. S.K. (1993). Effects of probable increase in carbon dioxide 
and temperature on wheat yields in India. J. Agri!. Nleteorol Vol. 48. ph. 811-814. 
Aggeliki T., Karyda, Ni.. Kokolakis, S.. Kiountouzis, E. (2006). Formulating 
information systems risk management strategies through cultural theory, Information 
Management & Computer Security, Vol. 14 Iss: 3. pp.198 - 217 
Agial. S. and Mohtadi, H. and Kinsey, J. i 2008). Security-Preparedness of firms in 
food supply chains, Sloan Industry Working Paper, April 2008. 
125 
Agwu. A. E., Ekwueme. J. N. and Anvan%%u, A. C., (2008). Adoption of improved 
agricultural technologies disseminated via radio I' rmer programme by farmers in 
Enueu State. Nigeria. African .Journal of Biotechnology. Vol. 7. pp. 1277-I286. 
Ahmed. A. F. (2011 ). Risk sources and attitude anloni the tenants of the Gezira 
Scheele — Sudan, Journal of the Saudi Society of Agricultural Sciences, Vol. 10, pp. 
71-75. 
Ahtunnada. 0. and Villalobos. J.R. (2009). :Application of planning models in the agri-
tood supply chain: a review. European Journal of Operational Research, Vol. 195 No. 
1. pp. 1-20. 
Alagh. Y.K. 2004. Agricultural policy in an open economy. In India's economic and 
social development: National and international perspective, International conference in 
Honour of Professor C.II. Ilanunlantha Rao. 16- 17 November. Hyderabad: 
Administrative Staff College of India. 
Alexander, C. and Marshall, \1. 1. (2006).The Risk Matrix: Illustrating the Importance 
of Risk Management Strategies. Journal of F\tension, Vol. 44 (2), Online available at 
hup:;www.joe.org/joc200óapril/tt I .php. 
Au. .1. (2008). Issues in Supply Chain Management in Indian Agriculture. In Food for 
Policy: Reforming Agriculture, Saurabhi Mittal & Arpita Mukhatjec (Eds.), f=oundation 
Books. Cambridge University Press India Pvt. Ltd. New Delhi. 
.Ali. J.. and Kapoor, S. (2009). Farmers' Perception on Risks in Fruits and Vegetables 
Production: An Empirical Stud\ of Uttar Pradesh. Agricultural Economics Research 
Re\iew. Vol. 2I (Conference Number), pp. 3I'-326. 
Ali. J., Gupta, K. B. (2011). Efficiency in agricultural commodity futures markets in 
India: Evidence from cointegration and causality tests", Agricultural Finance Review, 
Vol. 71. Iss: 2, pp. 162 	178. 
Ali, .1. (2007). Structural Changes in Food Consumption and Nutritional Intake from 
Livestock Products in India, South Asia Research, Vol. 27 (2): pp 137-151. 
2 
Ali. J. and Nath, Tribhu%an (2012). Adoption of innovative agricultural practices across 
supply chain amon~t small-scale vezetable growers". Sytnpo.ium on .Agrarian Change 
and Small Farmers. G.B. Pant Social Science Institute Allahahad. March I I-12. 
Ali, M. ( 2008). Horticulture Rey olution for the Poor: Nature, Challenges and 
Opportunities. AVRDC'-The World Vegetable ('enter, Shanhua. Tainan. Taiwan. 
Ali7adeh. Amir and N. Nomiko> (20O5)..A_ricultural reforms and the use of market 
mechanisms for risk management. Study cum-missioned by the Futures and Options 
Association. Londo, Cass Business School and FOA. March 2005. 
Allen. J. H. (2006). Assessing the Market Ihvnantics of "Values-Added" Agriculture 
and Food Businesses in Oregon: Challenges and Opportunities. Center for Sustainable 
Processes and Practices Portland State University. 
Allen. S. 3.. and Schuster, E. W. (2004). Controlling the risk tier an agricultural harvest. 
Manufacturing & Service Operations Management. Vol. 6(3), pp. 225-2 36. 
-Anderson. J. R.. Dillon. J.L. aand Hardakcr. J. B. (1977). Agricultural Decision 
Analysis. Ames, IA: Iowa State University Press. 
Anderson. K. B., and Mapp. 11. P. ( 1996). Risk management programs in Extension. 
Journal of Agricultural and Resource Economics, Vol. 21(1), pp. i 1-38. 
Anderson, J.R. and Dillon J.L. (1992). Risk analysis in dryland farming 
systems, Farming System Management Seri.,. \'ol . 2, FAO. 
Anderson, J.R., Dillon J.L. (1992). Risk analysis in dryland farming 
systems. Farming System Management Series. FAO. 
Anderson.W.K. (2010). Closing the gap beteen actual and potential yield of rainfed 
wheat. The impacts of ens ironment. management and cultivar. Field Crops Research, 
Vol. 116(l). pp. 1.1 22. 
12- 
Arshad, F. M., Mohamed, Z. and Latiff. I. A. (2006). Changes in agri-food supply 
change in malaysia: implications on marketing training need. Paper presented at the 
FAO AFMA. FAMA Regional Workshop on Agricultural Marketing Training. Kuala 
Lumpur. 20-24 November 2006. 
Asbjornslett, B.E. (2009). Assessing the vulnerability of supply chains. In: Zsidisin, 
G.A., Ritchie, 13. (Eds.), A handbook of Assessment, Management, and Perfor- mance, 
124. , Springer, USA. pp. IS 33. 
Asokan, S.R. and Singh. G. (2003). Role of Contract Farming in Agro-Processing 
Industry. Indian Journal of .Agricultural Economics, Vol. 58(3), pp. 566-576. 
Atibudhi, H. N., (1997). An estimation of post-harvest losses of onion and its 
management in Nawapada district of Orissa. Indian Journal of Agricultural Marketing, 
Vol. 1 1(1&2).  pp. 26-30. 
Awasthi, M. K. and Nath, Tribhuvan (2009). Stakeholder Strategic Alliances for 
Innovations in Agricultural Research System in India. Paper presented in 19th Annual 
Conference of the Asia Pacific Academy of Business Society on: Finding Solutions to 
Global Problems through Stakeholder Engagement, New Social Partnerships and 
Strategic Alliances for a Sustainable Enterprise Economy, Griffith Business School, 
Brisbane, Australia, November 5-6. 
Babu. S., R. Mensah, and S. Kolavalli (2007). Does training strengthen capacity? 
Lessons from capacity development in Ghana, Ministry of Food and Agriculture. 
Ghana Strategy Support Program (GSSP) Background Paper No. GSSP 0009. 
September. .Accra, Ghana: I FPR I. 
Baez. J.. Fuente, A. de la and Santos, I. (2009). Do Natural Disasters Affect Human 
Capital'? An Assessment Based on Existing Empirical Evidence, Seminar on Global 
Facility for Disasters Risk Reduction and Recovery, World Bank, January 29, 2009, 
Washington. D.C. 
Balcombe, Kevin (2009). The nature and determinants of volatility in agricultural 
prices. Technical Report, report to the FAO. 
128 
Bard. S. K., Barry. P. J. (2000). Developing a scale for assessing risk attitudes of 
agricultural decision makers, International Food and Agribusiness Management 
Re% iew. Vol. 3, pp. 9 25. 
Berg. Heinz.-Peter (20101. Risk Management: PV000 lures. Methods and Experiences. 
(Vol.I)2010,June RT & A r2 (17). 
I3arghouti, S.. Kane. S. and Sorhv. K. (200 3 ). Po' erty and .Agricultural Diversification 
in De eloping Countries. The World Bank (mimeo). 
Barnett. B. and 0. Nlahul (2007). Weather Index Insurance for A~iriculture and Rural 
Areas in Lower-Income Countries. American Journal of Agricultural Economics, Vol. 
89(5). pp. l241-124. 
Barnett, B. J., Black. J. R. and Skees, J. R. (2005). Is Area-Yield Insurance Competitive 
with Fann-Yield Insurance.', Journal of Agricultural and Resource Economics. 
Barnett. B.J., Black, J.R., Ilu. Y.. Skees, .1. (2005). Is area yield insurance competitive 
with tarns yield insurance:' .Journal of Agricultural and Resource Fcononlics, Vol. 30. 
pp. 2S5-301 . 
I3asav'araja. H., Mahajanashetti, S.B. and Udagatti, N. C. (2007). Economic Analysis of 
Post-hark est Losses in Food Grains in India: ;\ Case Study of Karnataka. Agricultural 
Economics Research Re\ iew, Vol. 20, pp I l T-126. 
Basararaja. H., Mahajanashetti. S.B. and IJdagatti, V.C. (2007). Economic Analysis of 
Post-liarsest Losses in Food Grains in India: A Case Study of Karnataka. Agricultural 
Economies Research Revieww, Vol. 20 January-.Ilene 2007, pp. 1 17-I2(~. 
Basa\ara a, H., Mahajanashetti, S.B.. Cdauatti, N. C. (2007). Economic Analysis of 
Post-har\est Losses in Food Grains in India: A Case Study of' Karnataka. Agricultural 
Economics Research Rey iew. Vol. 20. (1). 
I_2) 
Bash. K. Bowman, J.. Chapman. J., Blandon. J.A. (2002). Assessment of Nicaragua's 
Seed Sector. DevelopmentAlternatives, Inc. 
Beal. D.J. (1996). Emerging Issues in Risk Management in Farm Firms, Review of 
Marketing and Agricultural Economics. Vol. 64(3). pp. 336-347. 
13eamon. B.`1. (1999). Measuring supply chain performance. International Journal of 
Operations & Production Management. Vol. I ,t. No. 3, pp. 275-292. 
I3elkar, R., Chanthapun, W.P., I'iebi~. I).( 	2(0)7. :A discrete choice model 'v ith 
misclassification and multiple recall periods. LNSW. School of EconomicsDiscussion 
Paper 200710. 
Bergfjord. O.J. (2009). Risk Perception and Risk Management in Norwegian 
Aquaculture, .lournal of Risk Research. Vol. 12. pp. 91 104. 
Berry, A.. J., & Collier. P. M. (2007). Risk in supply chains: exploratory case studies in 
the automoti\ e industry. Int. J. of Risk Assessment and Management. Vol. 7(8), pp. 
1005-1026. 
13csley, T and R Burgess (2003). "Halving Global Poverty", Journal of Economic 
Perspectives. Volume 17, 3, pp. 3- 22. 
Bhag=wat, R. and Sharma, M.K. (2007). Performance measurement of supply chain 
management: a balanced scorecard approach". Computers & Industrial Engineering, 
Vol. 53. No. 1, pp. 43-62. 
Bhalla, S.S. (2008). Indian Economic Growth 1950-2008: Facts & Beliefs, Puzzles & 
Policies. 
Bhaskarachary, K. (2009). Paper presented at the IPI-OUAT-IPNI International 
Symposium, OUAT, Bhubaneswar, Orissa, India. The Role and Benefits of Potassium 
in Improving, Nutrient Management for Food Production. Quality and Reduced 
Environmental Damage. 5-7 November. 
130 
13haskarachary. K. (2009). This presentation was made at the IPI-O(;AT-IPNI 
International Symposium. OUAT. Bhubanesx\ar. Orissa, India. The Role and Benefits 
of Potassium in Improving Nutrient Management for Food Production, Quality and 
Reduced F.n\ ironmental Damage, November 5-7. 
Bichescu. B.C. and Fry. \I.J. (2009). A numerical analysis ol'suppl\ chain performance 
under split decision rights. Omega. Vol. 37 \o. 2, pp. 35-7. 
Bins %\ anger. H., and M. Rozensweiyg (1993). Wealth, \Vealthier Risk, and the 
Composition and Profitability of Agricultural Investment, Economic Journal, Vol. 
103( 1 ). ph. 56-78. 
13irthal. P. S. (2004). In F.ds. (Pratap S. l3irthal & 0. P. Sharma) Integrated Pest 
Management in Indian Agriculture: An O\ ery iew. Integrated Pest Management in 
Indian :Agriculture, Proceedings I I. NCAP. New Delhi. 
Birthal, P., Joshi, P. and Gulati, A. (2005). Vertical coordination in high value food 
commodities: implications for smallholders, IFPRI MTID Discussion Paper no. 85. 
Birthal. P.S., Joshi, P.K., Chauhan, S. and Singh. H. (2009). Can Horticulture Revitalise 
the Agricultural Gromh'.`. Indian Journal of Agricultural Economics, Vol. 63, (3), 
pp.310-321. 
Bisaliah, S. and Dev. S. Ni. (201 1 ). Pri\ate Investment in Indian .Agriculture: Farm 
Level Evidences and Policy Directions. \Von hop proceedings. 
Bien. G. (1966). Agricultural Trends in India. 1891-1947: Output. Availability and 
Productivity, Philadelphia: University of Pennsylvania Press. 
Beehlie, N1.I); Fidman, V.R. (1994). Farm Nlanagement. Wiley, New Cork. 
Boehlje. Nil); Lins. D.A. (1998). Risks and risk management in an industrialised 
agriculture. Agricultural Finances. Rev.. Vol. 58, pp. 1-16. 
Bolvin C., Farret, R. and Salvi, O. (20071. Convergence towards integrated risk 
management results from the European SHAPE-RISK project and other initiatives. 
Proc. ESREL 2007: 1683 — 1687.  
Bob, M. (2006). Knowledge- technology and growth: the case of Lake Naivasha cut-
flower cluster in Kenya (draft), WBI Africa Cluster Case Study. World Bank Institute, 
World Bank, Washington, D.C. 
Bonnen, J T. and Schweikhardt, D. B. (1998). The Future of U.S. Agricultural Policy: 
Reflections on the Disappearance of the "FannProblem", Review of Agricultural 
Economics, Vol. 20, No. I (Spring - Summer, 1998). pp. 2-36. 
Briggs, C.A. (2010). Risk assessment in the upstream crude oil supply chain: 
Leveraging analytic hierarchy process, doctoral dissertation submitted to North Dakota 
State University of Agriculture and Applied Sciences. 
Brorsen, R.W., &. Irwin, S.H. (1996). Improving the relevance of research on price 
forecasting and marketing strategies. Agricultural and Resource Economics Review, 
Vol. 25, pp, 68-75. 
Burger, K., Kaaren, 1). and Sandee, H. (2II01 ). Clustering of small agro-processing 
firsts in Indonesia, hr: International Food and Agribusiness Management Review, Vol. 
2, pp. 289-299. 
Busch, L. and Bain, C. (2004). New! improved? The transformation of the global agri-
food system, Rural Sociology, Vol. 69(3), pp. 321-346. 
Cash. D.W., (2001). In Order to Aid in Diffusing UselUl and Practical Information": 
Agricultural Extension and Boundary Organizations, Science Technology Human 
Values, 26, pp. 431-453. 
Caswell, M., Fuglie, K., Ingram, C., Jans, S., Kascak, C. (2001). Adoption of 
agricultural production practices: lessons learned from the U.S. Department of 
Agriculture area studies project. Agriculture Economic Report-792, U.S. Department of 
Agriculture (USDA), Washington, DC. 
132 
C'a~inato. J. L. (2004). Supply chain logistics risks: from the back room to the board 
room. International Journal of Physical Distribution & Logistics \lanagenient. Vol. 
345. pp. 383-389. 
Ca \ inato. J.L. (1992). Total cost value model for supply chain competitiveness". 
Journal of Business Logistics, Vol. 13 No. 2. pp. 285-291. 
Chambers. R.G. and Quiu~Iin, J. (2003). Price Stabilization and the Risk Averse Firm". 
AArneric.in Journal of .Aiiricultural economics. Vol. 85(2). pp. 336-347. 
Chamhwera, M and Stage. J.. (2010). Climate change adaptation in developing 
countries: issues and perspectives for economic. 
Lhanlblkera. M. and Stage. J. (2010). ('limate change adaptation in developing 
countries: issues and perspecti\ es for economic analysis. International Institute for 
Environment and Development (LIED), United Kingdom. 
Chan. F.T.S. (2003). Periurmance measurement in a supply chain", International 
Journal of Advanced \lanutacturing Technology. Vol. 21 No. 7. pp. 534-48. 
('hand. R. and Parappurathu, S. (2011). Historical and Spatial Trends in Agriculture: 
Growth Analysis at National and State 1e\ei in India, IG1DR Proceedings. Projects 
Series. 
Chand. R. and Raju. S.S. (2008). Instability in Indian Agriculture During Different 
Phases of Technology and Policy, Discussion Paper: NPP 01'2008. 
Chand. Ramesh and S.S.Raju (2008). Instability in Andhra Pradesh Agriculture - A 
Disag,regate Analysis". Agricultural Economics Research Review, Vol. 21, No 2, July-
December. pp 283-288. 
('hand. Ramesh and S.S.Raju (2009). Instability in Indian Agriculture During Different 
Phases of Technology and Policy. Indian Journal of Agricultural Economics, Vol.64. 
No 2. April-June, pp.283-288. 
Chand, Ramesh, P A Lakslnni Prasanna and Aruna Singh (2011). Farm Size and 
Productivity: Understanding the Strengths of Smallholders and Improving Their 
Livelihoods", Economic and Political Weekly, Vol. XLVI, No. 26 & 27, June 25, pp: 5-
11. 
Chandon, P., Morwitz, 	V. G- and 	Reinartz, 	W. 	.I. (2005). Do 	intentions 	really 
predietbchavior? 	Self-generated validity 	effects 	in survey research, 	Journal 	of 
Marketing, 69 (April, 2005), pp. 1-14. 
Chaudhuri, A., Mohanty, B. K. and Singh, K.N. (2012). Supply chain risk 
assessmentduring new product development: a group decision making approach using 
numeric and linguistic data, International Journal of Production Research, 
DOI: 10.1080/00207543.2012.654922 
Chi, T. Thi Ngoc and Yamada, R. (2002). Factors affecting farmers' adoption of 
technologies in farming system: A case study in Orton district, Can Tho province, 
Mekong Delta, Omonrice, Vol. 10, pp. 94-100. 
Chianu, J. N., Mairura, F., Ekise, I. and Chianu, J. N. (2008). Farm input marketing in 
western Kenya: Challenges and opportunities, African Journal of Agricultural 
Research, Vol. 3 (3), pp. 167-173, March 2008 
(Thong, M. (2005). Perception of the risks and henefits of Bt eggplant by Indian 
farmers, Journal of Risk Research, Vol. 8(7&8). pp. 617 634. 
Chong, M. (2008). Perception of the risks and benefits of Bt eggplantby Indian farmers, 
Journal of Risk Research, Vol. 8 (7-8), pp. 617-634. 
Christiaensen. L. and L. Demeiy (2007). Down to Faith Agriculture and Poverty 
Reduction in Africa, The World Bank Group. 
Christopher, M. (1992). Logistics and Supply Chain Management, Pitman Publishing, 
London. 
Clark, A. and Brinkley, T. (2001). Risk management: for climate, agriculture and 
policy, Bureau of Rural Sciences, Canberra, Australia. 
134 
Clarke, 1'. M1., Fiebig. 1). G. andGerdthanl. L If.G. (2008). Optimal recall length in 
sur,ev desiun, Journal oft tcalth Fconomi.cs. VOL 27 (2009). pp.1275 1294. 
Clinc.\V. R. (2008). Global Warming and .\ericulture, Finance & [)c' elopnlent. March 
200$. 
Coble, K.. Knight. 0., Patrick. G. F.. & 13aquet, A. E. (1999). Crop producer risk 
management survey: A preliminary summary of selected data: A report from the 
understanding farmer risk management decision making and educational needs research 
project. Information Report 99-0(11, Mississippi State Uni.ersity. 
(..00per. D. R. and Emory (1995). Business research nleihods (5th ed.). Chicago, IL: 
Richard D. Irwin, Inc. 
Costa. L. 41., Juban, J.. 13ourry. F., Kariniotakis, G. N. (2008)...\ spot-risk-based 
approach tier addressing problems of decision-making under uncertainty', In% ited oral 
presentation, in Proceedings of the Probabilistic Methods Applied to Power Systems 
Conference, Rincon, Puerto Rico, 25-29 N9av 2008. Paper available at IFEEXplore. 
Cotterm. J.. Dod. K.. and \\'yn, M. (2008). Extreme Measures of Agricultural 
Financial Risk, UCD 13usine s Schools, WP (19.02. 
CSO (201 1). Revised Estimates of Annual National Income 2010- I I and Quarterly 
Estimates of Gross Domestic Product. 2(110-I1', Central Statistics O)1ice (('SO). 
Ministry of Statistics and Programme Implementation, Govt. of India, New Delhi. 
Cucchiella, F. and Gastaldi. M. (2006). Risk management in supply chain: a real option 
approach. Journal of Manufacturing Technology Nlanagement, Vol. I7 No. 6. pp. 700- 
720. 
Cutchin M.I'., Remmes NS.K., Owen S.V.. Goodwin J.S. (200$). Concern about 
petrochemical health risk before and after a refinery explosion. Risk Anal, Vol. 28, pp. 
98 601. 
13i 
Das, R. and Das, A. K. (2011). Industrial Cluster: An Approach for Rural Development 
in North East India, International Journal of Trade, Economics and Finance, Vol. 2, No. 
?. April 2011. 
Dasgupta, Purnamita and Sirohi. Smita (2010). Indian Agricultural Scenario and Food 
Security Concerns in the Context of Climate Change: a Review. Munich Personal 
RePEc Archive. 
Davis. J.R. (2006). How can the poor benefit Irom the growing markets for high value 
agricultural products!'. High Value Agricultural Products Workshop. Natural Resource 
Institute. UK. 
De Lucia and M. & Assennato, D. (1994). Agricultural Engineering in Development: 
post harvest operations and management of food grains. 
1)elgado, C. (1999). Sources of growth in smallholder agriculture in sub-Saharan 
Africa: The role of vertical integration of smallholders with processors and marketers of 
high-value added items. Agrekon. Vol 38. 
Deshingkar. P., Kulkarni, U., Rao, L., Rao, S. (2003). Changing Food Systems in India: 
Response-sharing and Marketing Arrangements for Vegetable Production in Andhra 
Pradesh, Development Policy Review, Vol. 21 (5-6), pp. 627-639. 
Deshingkar. P., Kulkarni, U., Rao, L., Rao, S. (2003). Changing Food Systems in India: 
Response-sharing and Marketing Arrangements for Vegetable Production in Andhra 
Pradesh, Development Policy Review, Vol. 21 (5-6). pp. 627-639. 
Deshmukh, P. V. (2011). Farmers Suicides In India, Vol. 1. Issue 1 ;" February 2011, pp. 
Deshmukh. V. (2007). The design of a decision support system for supply chain risk 
management, Master thesis submitted to Massachusetts Institute of Technology. 
Deshpande. S.D. and Singh, G. (2001). Long Term Storage Structures in Pulses", 
National Symposium on Pulses for Sustainable Agriculture and Nutritional Security, 
Indian Institute of Pulses Research, New Delhi. pp 17-19. 
De%. S Ni (2008). Challenges fir Re\ i\ al of Indian Agriculture. Available at: 
http: w vw.ncap.res.in'  upload _files,'jml jml I.pdf 
1)e\. S.N1ahendra (2009). Keynote paper for the 92nd Annual conference of the Indian 
Economic Association. Bhubaneswar. Orissa. December 27-29. 
DeVeIIis, R. F. (1991). Scale development: theory and applications. (Vol. 26). Newbury 
Park. CA: Sage Publications, Social Research Methods Series. 
Dialial. G. S., Jindal, V., and Dhavvan. A.K. (20I0). Insect Pest Problems and Crop 
Losses: ('hanging 'Trends. Indian .1. Ecology. Vol 37(I), pp. 1-7. 
Dhillon. S. S. and Singh, N. (2006). Contract Farming in Punjab: An Analysis of 
Problems. Challenges and Opportunities. Pakistan Economic and Social Review. 
Volume XLIV. No. I (Summer 2006), pp. lit-3 . 
Dischel. R.S. (2001 ). Double Trouble: Hedging. Weather Risk: A Special Report, from 
Risk Magazine and Energy and Power Risk Management. pp. 24 26. 
Doss. C.R.. and Morris. NIL.. ( 7001). flow does Lender alTect the adoption cal 
agricultural innovations:' The case of improved maize technology in Ghana. 
Agricultural Economics. Vol. 25, pp. 27-39. 
Eaton. C'. and A. W. Shepherd (200 1 ). Contract firming: Partnerships for growth. FAO 
Agricultural Services Bulletin. Vol. 145. Food and Agricultural Organization, Rome. 
Eeckhoudt, L., Gollier, C.. and Schlesinger. H. (1992). Economic and Financial 
Decisions under Risk. Princeton University Press. 
Eeckhoudt. I... (;ollier. C., and Schlesinger, H. (1992). Economic and Financial 
Decisions under Risk, Princeton University Press. 
EPA (200). Guidelines for preparing economic analyses, An external review draft. 
u 
F.scobal, J., Agreda, V. and Reardon. T. (2000). Institutional change and 
agroindustrialization on the Peruvian Coast: Innovations, impacts and implications: 
Agricultural Economics Vol. 23(3). 
ESFINI (2011). Innovations in Risk Insurance Models, POLICY BRIEF No. 5. 
European Commission (2011). Agricultural Policy Perspectives Briefs, European 
Union. 
European_('omcoission (2005). C o11111111tlicotlon from the Commission to the Council 
On Risk and Crisis Management in Agriculture. Commission of' the European 
t✓'ommunities. Brussels 02.02.05. 
E\elyn R.. Chijoriga. NI., Kaijage. F.. Peterson. C.. Bohntan, H. (2008). Credit risk 
management system of a commercial bank in Tall/_allla",Itlterllatlonal Journal of 
Emerging Markets, Vol. 3 Iss: 3, pp.323 — 332. 
Faisal, M. N., Banwet, D. K., & Shankar. R. (2006a). Mapping supply chains on risk 
and customer sensitivitv dimensions. Industrial Management & Data System. Vol. 
106(6), pp.878-895. 
FAO (1 989 ). Prevention of post-harvest losses fruits. vegetables and root crops, a 
training manual (Vol. II). Rome: Food and .Agriculture Organization of the United 
Nations. 
FAO (1997). Farm Management for Asia: a Systems Approach. (FAO Farm Systems 
Management Series - 13). 
FAO (2001 ). Contract farming: partnership for growth. Rome. Italy: Food and 
Agriculture Organization of the United Nations. 
FAO (2002). Agriculture: Towards 2015!2030; FAO, Rome. 
FAO (2002). Crops and Drops, Making The Best Use Ot' Water For Agriculture; FAO. 
138 
FAO (2002). World A~ariculture: To~~ ards 2015 30. 
FAQ (2005). Fertilizer use by crop in India. 
FAO (2008). Agricultural mechanization in .Atrica...Time for action. United Nations 
Industrial Development Organization (UNIDO). 
FAO (2011). Global food losses and lood 	aste: Extent, causes and prevention. 
.A ailable at: http: 	ww.fao.org:fileadmin user_upload.-ags.publications. GFL_web.pdf 
FAO 120) 1). Global Food Losses and Food \Vaste: Extent. Causes and Prevention. 
' ailable online at: http: ucce.ucda is.edu tile; datastore 234-1961.pdf 
FAOSTAT (2010) data. Faostat.tao.org. Retrie%ed 2011-09-17. 
Feder, G.. and Slade. R. (1984). The Acquisition of tnturmation and the Adoption of 
Ne\\ Technology. American Journal of .Aericultural Economics, Vol. 66. pp. ;12-320. 
Feder. G.. Just. R.E., and Zilberman, D., (1985 ). Adoption of Agricultural Innovations 
in Developing Countries: A Sur\ev. Economic Development and Cultural Change. Vol. 
33. pp. 255-298. 
Federation of Southern Cooperative (FSO (2000). Risk Management Survey of 
African-American Farmers: Preliminary Findings. Federation of Southern 
Cooperatives Land Assistance Fund (FSCC LAF). A Survey Funded by the Risk 
Management Agency of the United States Department of Agriculture. 
Feikin. D. R.. Audi, A., Olack. 13.. Bigogo. G. M1., Polyak, C., Burke, H., Williamson, 
J.. and Breiman, R. F. (2010). Evaluation of the optimal recall period for disease 
symptoms in hone-based morbidity surveillance in rural and urban Kenya. 
International Journal of Epidemiol. April: Vol. 39(2): pp. 40 -15$. 
Fetsch. R. J.. Bastian, C., Kaan, D. A.. R Koontz, S. R. (200'I ,. A t\\o-state comparison 
of farmers' and ranchers' risk management education needs. Journal of the American 
Society of Farm Mana~sers and Rural Appraisers. Vol. 64. pp. 81-92. 
Fiebig, D. G., Louviere. J. J. and WValdman. D. \1. (2003). Contemporary issues 
inmodeling iscrete choice experimental data in health economics. Paper presented at 
the Conference of Australian Health Economics Society, Canberra, Australia. 
Fleisher. B. (1990). Agricultural Risk Management, Lynne Rienner Publishers, 
Boulder. 
Fleisher. 13. (1990). Agricultural Risk Management. Lynne Rienner Publishers, Boulder 
and London. 
Forsiund, H. and Jonsson, P. (2007). Dvadic integration of the performance 
management process. International Journal of Physical Distribution & Logistics 
Management, Vol. 27 No. 7, pp. 546-67. 
Fuentes, G. A. (1998). Middlemen and Agents in the Procurement of Paddy: 
Institutional .Arrangements from the Rural Philippines Journal of Asian Economics, 
Vol. 9, No. 2. 1998, pp. 307-331. 
Gahukar. R. T. (2009). Food security: The challenges of climate change and bioenergy, 
Current Science, Vol. 96 (1). pp. 26-28. 
Galloway. L. and Mochrie. R. (2005). The use of ICT in rural firms: a policy-orientated 
literature review, The Journal of Policy. Regulation and Strategy for 
Telecommunications. Vol. 7. pp. 33-46. 
Galloway, L., and Mochrie. R. (2005). The use of ICT in rural tir ms: a policy-
orientated literature re \ iew. The Journal of Policy. Regulation and Strategy for 
Telecommunications, Vol. 7. pp. 33-46. 
Geethalakshmi V. and Dhcebakaran G. (2008). Impact of Climate Change on 
Agriculture over Tamil Nadu", In: Rao Prasada, G.S.L.H.\'.. Rao, G.G.S.N., Rao, 
V.U.M. and Ramakrishna Y.S. (eds.). Climate Change and Agriculture over India, 
CRIDA. Hyderabad, pp.80-93. 
140 ► 
Ghatak. M1.. Pandev, 1'. (2000). Contract choice in agriculture with joint moral hazard in 
effort and risk, Journal of Development Economics, Vol. 63, pp. 303 - 326. 
Ghosh, Ni. (2006). Infrastructure, agricultural performance and rural poverty in India. 
Indian J. Agric. Econ.. Vol. 61(3), pp. 504. 
Giles. J. (2011.   \Vinter). How will the global supply chain look in the future? , Journal 
of Farm Management. Volume 14, No 3. 
Giunipero, L., Handlield, R. B. and Eltantawy, R. (2006). Supply management's 
evolution: key skill sets for the supply manager of' the future. International Journal of 
Operations & Production Management, Vol. 26(7), pp. 822-~i44. 
Glauber, ,I.W. (2004). Crop Insurance reconsidered". American Journal of Agricultural 
economies. Vol. 96. pp. 1 179-1 195. 
(ionic/-Iluh'ul. .1. A . Riesto. I.. and Arria,a. Ni. (2002), ,'krricultural Risk Aversion 
Revisited: A Niulticriteria Decision-Makin,_ Approach, Paper prepared for presentation 
at the Xth EAAE Congress 'Exploring Di\ersity in the European Agri -Food System'. 
Zaragoza (Spain), pp. 28-31. 
Gommes. R. (I 997). Pr e\ ision agrontetcorologiclue des rcndements eat cluelyues moyens 
et mtthodes utilises par Ia FA() dans tin contexic de sccurlte alimentaire, In Estimation 
de la production agricole a Line echelle regionale. Paru aux editions: Un systeme 
d'information agronomique pour la communaute europeenne. pp. 145-176. 
Goodwin B.K. and Schroeder, T.C. (1994). Hunan capital, producer education 
programs, and adoption of forward pricing methods. American Journal of Agricultural 
Economics, Vol. 70, pp. 936-947. 
Gopalan. Ni. and Gopalan. T. M. (1991 ). Marketing efficiency of co-operative in Potato 
region in Tamil Nadu: an empirical study. Ind. Co-op. Rev, Vol. ?S (3). pp. 203-221. 
141 
Government of India (2011). Economic Survey 2010-1 1 and Earlier Issues, Economic 
Division, Department of Economic Affairs, \1 inistry of Finance, Go\ t. of India, Oxford 
University Press, New Delhi 
Government of India-GOl (2003). Agricultural Statistics at a Glance. Ministry of 
Agriculture, Government of India, New Delhi. 
Vregory PJ. Johnson SN. Newton AC, Ingram JSI (2009). Integrating pests and 
pathogens into the climate change food security debate. J Exp Bot 60:2827-2838 
Galati, A. (2009). Emerging Trends in Indian Agriculture: What Can We Learn from 
these:', Agricultural Economics Research Rey iew. Vol. 22. pp 171-184. 
Gulati, .A., Minot, N.. Delgado, C. and Bora, S. (2005). Growth in high-value 
agriculture in Asia and the emergence of vertical links with farmers, paper presented at 
the workshop - Linking Small-Scale Producers to Markets: Old and New Challenges, 
The World Bank, 15 December 2005. 
Gulati, A., N. Minot, C. Delgado and S. Bora, (2007). Growth in high-value agriculture 
in Asia and the emergence of vertical links with fanners. In: J.F.M. Swinnen, Editor, 
Global Supply Chains, Standards and the Poor: How the Globalization of Food Systems 
and Standards Affects Rural Development and Poverty, CABI. \Wallingford, UK 
(200'). pp. 91-108. 
Gunasekaran, A., Patel, C. and McGaughey. R.E. (2004). A framework for supply 
chain performance measurement, International Journal of Production Economics, Vol. 
87 No. 3, pp. 333-47. 
Gunasekaran, A., Patel. C. and Tirtiroglu, E. (2001). Performance measures and metrics 
in a supply chain environment, International Journal of Operations & Production 
Management, Vol. 21, No. 12. pp. 1-87. 
Haggerty, J. (2001). Weather I)eri%,iti\es: IF( \10 es to Assist Developing Economies, 
International Financing Review. Vol. 1414. 
Hall. I)_ C., Knight. T. 0.. Cole, K. 11.. Baquet, A. E, and Patrick, G. F. (2003). 
Analysis of beef producers' risk management perceptions and desire for Further risk 
management education. Review of Agricultural Economics, Vol. 25 (2), pp. 430-448. 
Hardaker, B. (2000). Some Issues in dealing with risk in agriculture, Working paper 
2000-3. University of New England. 
Hardaker, B. (2000). Some Issues in dealing with risk in agriculture, Working paper 
2000-3. University of New England. 
Ilardaker. I. B., Iluime, R. B. M. and Anderson, J. R, (1997). Coping with risk in 
agricuhurc New York: CAB Inlentational. 
Hardaker, J. B., Raud, H.. B.M., and Jock R. A. (1997). Coping With Risk in 
Agriculture, New York: CAB International. 
Ilardaker, I.B., Huime, R., Anderson, J.R. and Lien, Ci. (2004), Coping with risk in 
agriculture, CAB] Publishing. 
Hardaker, J.B., Huime, R.B.M., Anderson. J.R.. and Lien, G. (2004). Coping with Risk 
in Agriculture. CAB] Publishing, Wallingford. 
Hardaker, 1.B., R.B.M. Huirne and J.R. Anderson (1997). Coping with Risk in 
Agriculture, CAB International, Wallingford. 
Hardaker, J.B. (2000). Some Issues in Dealing with Risk in Agriculture, Working 
Paper Series in Agricultural and Resource Economics, No.2000-3. 
Hardaker, J.B., R.B.M.Hiurne, J.R. Anderson, Gudbr and Lien (2004.) Coping with 
Risk in Agricultural [M_ ., CAR International. Oxfordshire : CBAI Publishing. 
Harnett, D.L., Cummings, L.L. (1980). Bargaining Behavior: An international Study. 
Dame Publications, Houston. 
Harrington. S.E. and Niehaus, G.R. (1999). Risk Management and Insurance, Irwin 
McGraw-Hill, Boston, USA. 
143 
Har\\ood, J.. Heifner, R.. Coble. K.. J. Perry and Somwaru, A. (1999). Managing Risk 
in Farming: Concepts Research and Analysis. Agricultural Economic Report No. 774, 
Economic Research Service, USDA. 
1-lar\\ood, J.R. Heifiler. K. Coble, Perry, T.. and Somwaru, A. ( 1999). Managing Risk 
in Farming: Concepts. Research and Analysis. Agricultural Economic Report No. 774, 
Market and Trade Economic Division and Resource Economics Di \ isiion, Economic 
Research Service U.S. Department of Agriculture. 
ieidelbach. 0., Bokushe\ a, R., and T. Kussayinov (2004). Which Type of Crop 
Insurance for Kazakhstan" — Empirical Results. IAMO Discussion Paper No. 75, Halle 
(Germany). 
1-leidhues, F.. and M. Briintrup (2003). Subsistence agriculture in de \ elopment: Its role 
in processes of structural change. In Subsistence agriculture in Central and Eastern 
Europe: Ilo\\ to break a vicious cycle? S. Abele and K. Frohberg, eds. Studies on the 
Agricultural and Food Sector in Central and Eastern Europe, Vol. 22. I-ialle, Germany: 
Institute of Agricultural De \ cldIWlcrli in Central and Eastern Europe ( IAMO). 
Hendricks. Kevin B. & Singhal. Vinod R. (2005). Association Bete  n Supply Chain 
Glitches and Operating Performance", Management Science, Vol_ -(. No. 5, pp. 695-
711. 
Henson. S. and Reardon, T. (2005). Private agri-food standards: Implications for food 
policy and the agri-food system. Food Policy. Vol. 30(3), pp. 241-253. 
Henson, S. and Reardon, T. (2005). Private Agri-Food Standards: Implications for Food 
Policy and the Agri-Food System', Food Policy. Vol. 30, pp. 241-53. 
Holthausen. D.M. (1979). Hedging and the competitive firm under price uncertainty" 
American Economic Review. Vol_ 69, pp. 918`)-995. 
Holzman and Jorgensen (2001). Social Risk management: A New conceptual 
framework for social protection, and beyond. International Tax and public Finance. 
Vol. 8, pp. 529-556. 
144 
Hoogeveen, J., E Tesliuc. R. Vakis with S. 1)ercon (2005). Guide to the Analysis of 
Risk, Vulnerability and Vulnerable Groups, Minted. Social Protection Unit. [he World 
Bank, Washington D.C. 
Hussain, M. (1990). Natural Calamities. Instability in Production and Food Policy in 
Bangladesh, The Bangladesh Development Studies, Vol. 18, No. 4 (December 1990), 
pp. 33-54. 
Huang, S.W. (ed.) (2004). Global 'Trade Patterns in Fruit and Vegetahles. Washington 
D.C.: United States Department of Agriculture, Economics Research Service, available 
wwm.ers.uscia.gov/publications/wrs0406/ (accessed November 2004) 
Hahne, R.B.M., Meuwissen, M.. Hardacker, J.B. and Anderson, J.R. (2000). Risk and 
risk management in agriculture: an overcicw and empirical results, International 
Journal of Risk Assessment and Management, Vol. 1(2000), pp. 125-136. 
Huirne, R.B.M., Memvissen. M.P.M., Hardaker, J.B. and Anderson, J.R. (2000). 'Risk 
and risk management in agriculture: an overview and empirical results, International 
Journal of Risk Assessment and Management. Vol. I, No.1/2, pp. 125-136. 
Hurley, T.M. (2010). A Review of Agricultural Production Risk in the Developing 
World, 
Harvest Choice Working Paper. St Paul. Harvest Choice, Gniversity of Minnesota. Juno 
24. 
lakovou, B., Vlachos, D., and Xanthopoulos. A. (2007). An analytical methodological 
framework for the optimal design of resilient supply chains, Int. J. of Logistics 
Economics and Globalisation, Vol. 1(I), pp, 120. 
Ibarra, H. (2003). Comments on Paper, 'Risk Management Challenges in Rural 
Financial Markets: Blending Risk Management Innovations with Rural Finance.' by 
Jerry Skees." Discussant reaction paper. Prepared for the conference, Paving the Way 
Forward for Rural Finance: An International Conference an Rest Practices, sponsored 
by USAII), 2-3 .June. Washington, D.C. 
145 
lbarra, H. and Skees, J. (2007). Innovation in risk transfer for natural hazards impacting 
agriculture, Environmental Hazards, Vol. 7 (2007). pp. 62--69. 
lbitavo, O.O. (2006). Egyptian farmers' attitudes and behaviours regarding agricultural 
pesticides: Implications for pesticide risk communication. Risk Analysis, Vol. 26(4), 
pp. 989-995. 
IF.AD (2001 ). Rural Poverty Report 2001: the Challenge of Ending Rural Poverty. 
International Fund for Agricultural Development, Oxford University Press: Oxford, 
UK. 
IF:\D (2010). Value chains, linking producers to the markets. IFAD thematic paper 
published in February 2010. 
IFPRI (2005). Agricultural Policies in India: Producer Support Estimates 1985-2002, 
\1TID Discussion paper No. 82. 
IPCC (2012). Managing the Risks of Extreme Events and Disasters to Advance Climate 
Change Adaptation. A Special Report of \Vorking Groups I and II of the 
Intergovernmental Panel on Climate Change [Field, C.13., V. Barros, T.F. Stocker. D. 
(din, D..I. I)okken, K.L. Ebi, M.D. Mastrandrea. K.J. Mach, (i.-K. Plattner, S.K. Allen. 
M. Tignor, and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, UK, 
and New York, NY, USA, pp. 582. 
Iturrioz. R. (2009). Primer series on insurance, The World Bank, Issue 12, November 
2009. 
IVRI (2011). VISION 2030. 
.Jaffee, S. (2005). Food Safety and Agricultural Health Standards: Challenge and 
Opportunities for Developing Country Exports . Report 31207, Washington D.C.. The 
World Bank. Poverty Reduction and Economic Management Trade l_ alt. 
Jaffee. S. and Henson. S. (2005). Agro-Food Exports from Developing Countries: The 
challenges posed by standards', in Aksoy and I3eghin. 
146 
Jaffee. S.. Siegel, P. and Andrews, C. (2008). Rapid Agricultural Supply Chain Risk 
Assessment, Conceptual Framework and Guidelines for Application. Commodity Risk 
Management Group Agriculture and Rural Development Department World Bank. 
Janesick., V. J. (2000). The choreography of qualitative research design: Minuets, 
improvisations, and crystallization, In N. K. I)cnzin & Y. S. I .incho]n (Eds.), Handbook 
of Qualilztive Research (2nd ed.) (pp. 379-399). Thousand Oaks, CA: Sage 
Publications, Inc. 	 - 
Jayshree (2004). Impact Assessment of Tsunami 2004, Tamil Nadu , India A Socio 
Economic Approach, A presentation. 
Jha, D. (2001). Agricultural research and small farms. Indian Journal of Agricultural 
Economics, Vol. 56 (I), pp. 1-23. 
Joshi, P.K., Gulati. A., Birthal, P.S. and Tevari, L. (2004). Agricultural diversification 
in South Asia: Patterns, determinants and policy implications. Economic and Political 
Weekly, Vol. 39(24): June 12-18; pp 2457-2468 
futtner, U. (2005). Supply chain risk management: Understanding the business 
requirements from a practitioner perspective, International .1ournal of Logistics 
Management, Vol. 16(1. pp. 120-141. 
Khatri, K (2007). The future prospects of Retail Industry, European Journal of 
Marketing, Vol.41 (11). 
Kale, N.M. (2011). Availability of subsidiary occupations and agriculMre infrastructure 
with suicidal farmers, Karnataka J. Agric. Sci., Vol. 24 (3), pp. 340 —342. 
Kaur, P. and Handal S.S. (2008). Impact of Climate Change on Agriculture over 
Punjah", In: Rao Prasada, G.S.L.H.V., Rao- G G.S.N., Rao, V.0 M_ Ramalcrisima Y.S. 
(eds.). Climate Change and Agriculture over India, CRIDA, Hyderabad, pp.239-253. 
Keil, M., Wallace, L., Turk, D., Dixon-Randall, G., Nulden. U. (2000). An 
investigation of risk perception and risk propensity on thedecisien to continue a 
147 
software development project", The Journal of Systems and Software. Vol. 53, pp. 145-
157. 
Kendall, H. & Pimentel. D. (1994). Constraints on the expansion of the global food 
supply, Ambio.. Vol. 23(3), pp. 198-205. 
Kesavan, P.0 and Swaminathan. M.S. (2007). Strategies and models for agricultural 
sustainability in developing Asian countries, Phil. Trans. R. Soc. B. Vol. 363, pp. 877-
891. 
Kleindorfer, P. and Saad, G. (2005). Managing Disruption Risks in Supply Chains. 
Production and Operations Management, Vol. 14, pp. 53-68. 
Kleindorfer, P.R. (2008). Integrating physical and financial risk management in supply 
chain management, In (Eds. Hclyette Geman) Risk Management in Commodity 
Markets: From Shipping to Agricuturals and Energy. Willi publisher. 
Knemeyer A M, Zinn, \V. and Eroglu, C'. (2008). Proactive planning for catastrophic 
c% eats in supply chains, Journal of Operations Management, Vol. 27(2), pp. 141-153. 
Knight. F. H. (1921). Risk, Uncertainty, and Profit, Houghton Mifflin. 
Koh, S.C.L. and Saad, S.M. (2004). Modelling uncertainty under a multi-echelon ERP-
controlled manufacturing system, International Journal of Integrated Manufacturing 
Systems, Vol. 15 No. 3, pp. 239-53. 
Kostov, P; l.ingard, J. (2003). Risk management: a general framework for rural 
development. Journal of Rural Studies, Vol. 19. Pp. 463-476. 
Krimsky S., Golding D. (1992). Social Theories of Risk. Praeger; Westport, CT, USA. 
Krishnan, M., & Shulman, J. (2007). Reducing supply chain risk, McKinsey Quarterly, 
Vol. 1, pp. 10-13. 
Kumar. P., Mruthyunjaya and Birthal, P.S. (2003). Changing consumption pattern in 
South Asia. Paper presented in the International Workshop on 'Agricultural 
14S 
diversification and vertical integration in South Asia' organized by FICCIICRISAT-
IFPRI on 5-6 No ember 2003 in New Delhi. 
Kumar. Praduman and Prarmod Kumar (2004). Food Production and Demand by State 
and Regions in India, National Agricultural Technology Project, (CAR, New Delhi 
Kumar. S.. 13ourai. V.A. and Kumar. 1-1. (2011). Post Harvest Losses in Pulses of 
Unarakhand lA Specific Study of Sample Villages of Assan Valley). Economic Affairs 
Vol. 56 No.2. pp. 243-247. 
Kumar. Sushil and Nath. Tribhuvan (2010). The State of Food Security in India. 
.ASSO('HAM's 8th Global Knowledge Millennium Summit. "2010 2020: DFCADF 
OF INNOVATIONS". Healthcare, Food Security, Energy & Water, November 17-18, 
2010. Hotel Le Meridian. New Delhi. 
Kundu, S. K. (2012). Spatio-temporal dynamics of vegetable crop production in India. 
International Multidisciplinary Research Journal 2012. Vol. 2(7). pp. 54-57. 
Kurosaki, T. (1999). Agriculture in India and Pakistan, 1900-95: Productivity and Crop 
Mix". Economic and Political Weekly. Vol. 34 (52), December 25. AI60-A168. 
L;ianenlets. 0., \'iira. A.-H. and Nurmet. \1. (201 1). Agronomy Research, Vol. 9 
(Special Issue 11). pp. 421 426. 
Lai, K.H., Ngai, E.\\ .T. and Cheng. T.C.F. (2002). Measures for evaluating supply 
chain performance in transport logistics". Transportation Research, Part E: Logistics 
and Transportation Rey le\%. Vol. 38 No. 6. pp. 439-56. 
Lambert. D.I., Cooper M.C. (1998). Issues in Supply Chain Management', Industrial 
Marketing Management, Vol. 29, pp. 65-83. 
Lapan. I-1.. \1 schini. (. and Hansom. D. (l)1). Production. Hedging. and speculative 
decisions with options and futures markets, American Journal of Agricultural 
economics. Vol. 73, pp. 66-74. 
(4`) 
Larson. D. F. Jock, R. A. and Feder, G. (2005). ('an the Poor Participate in Formal 
Markets for Price Insurance?. Paper prepared for the GRADE workshop, A Micro 
Approach to Poverty Analysis. 4-5 February. University of Trento. 
Lceuwis. C., R. Smits, J. Grin, L. Klerxx. 13. van Mierlo and A. Kuipers (2006). 
Equivocations on the post privatization dynamics in Agricultural innovations systems. 
In: The design of an innovation enhancing environment, Working paper 4 Transforum, 
Zoetermeer, p. 3-85. 
Leia, XU, Qiao, Z. (2010). Modeling Agricultural Catastrophic Risk, Agriculture and 
Agricultural Science Procedia 1 (2010), pp. 251-257. 
Liangyuan, S. and Yueheng. Z. (2001). Characteristics and Risk Management of 
Agricultural Risk in Transitional Period. Issue on Agricultural Economy, Vol. 8. 
Lipton, M. (2006). Can Small Farmers Stir vlye, Prosper, or be the Key Channel to cut 
Mass Poverty, Journal of Agricultural and De\ elopment Economics, Vol 3, No.1, 2006, 
pp.58-85. 
Little, D., Kenworthy. J.. Jarvis. P. and Porter. K. (1995), "cheduling across the supply 
chain". Logistics Information Management, Vol. 8, No. I, pp. 42-48. 
Liu, C.. \\`an`. Y., Yang. D. (2011). Research on Decision Support System based on 
Agricultural Risk Management Ontology, International Journal of Digital Content 
Technology and its Applications (JDCTA) Vol. 5 (12), pp. 290-297. 
Livingston, G., Schonberger, S. and Delaney. S. (2011). Sub-Saharan Africa: The state 
of smallholders in agriculture. Paper presented at the IFAD Conference on New 
Directions for Smallholder Agriculture, 24-25 .lanuary. 
Louviere, J. J. and Islam, T. (2005). A comparison of importance weight/measures 
derived from choice-based conjoint, constant sum scales and best-worst scaling. 
Unpublished manuscript. Uni\,ersity of' Guclph. Guelph, ON, Canada. 
150 
Mertens, M. and Swinnen, J. (2012). Gender and Modern Supply Chains in 
Developing 	Countries. 	Journal 	of 	Development 	Studies. 	DO1:10. 
10\0 1)022038.20 I 2.66 3902. 
.Mahade\ an, R. (2003). Productivity Growth in Indian Agriculture: The Role of 
Globalization and Economic Reform, Asia-Pacific Development Journal, Vol. 10, No. 
2. December 2003. 
\laheshwar. C. and Chanakwa. T.S. (2006). Postharvest Losses due to Gaps in Cold 
Chain 	in 	India-A 	Solution, 	Acta 	Hort. 	(ISHS) 	712:777-784 
http: ww.actaborl.org•'books/7121712 _l 00.htm 
Majumdar. N.A. (2006).'Centrality of Agriculture to India's E:conottlic [)evelQpmcWt'. 
Economic and Political Weekly, Vol. XCI 1. Pp 31-34. 
Mandal, N, (1999). Simulating the impact of climate variability and climate change on 
growth and yield of chic pea and pigeon pea crops. MSc Thesis. Division of 
En v ironmental Sciences. IARI. Delhi. 
Mani. H., [3halachandran. G., Pandit, V. N. t201 1). Public Investment in Agricultural 
and GDP Growth: Another Look at the Inter Sectoral Linkages and Policy Implications, 
Working Paper No. 201: Centre for De \ elopment Economics. Department of 
Economics. 	Delhi 	School 	of 	Economics. 	Available 	online: 
lIttp: \%- \\-\wi.cdedse.ort pdf \%-ork20l.pdf 
Mapes. .I., New, C. and Szwejcze vski. M. (1997). Performance trade-offs in 
manufacturing plants, International Journal of Operations & Production Management. 
Vo . 1- No. 10, pp. 1020-33. 
Markandva, A. and Mysiak. J. (2010). The economic costs of droughts, Options 
Vlediterraneennes, A no. 95. 2010 -- Economics of drought and drought preparedness 
in a climate change context . pp. 131 I3fi. 
\lathur. A. S., Das Surjit and et al (2006). Status of Agriculture in India: Trends and 
If 	 Prospects', Economic and Political Weekly. Pp 5327-5336. 
X51 
McCullough. E., Pingali, P. and Stamoulis. K. (eds) (2008). The Transformation of 
Agri-Food Systems: Globalization, Supply Chains and Smallholder Farmers. London: 
Earthscan Ltd. 
Vlcly er, J. P., & Carmines, E. G. (1981). Unidimensional scaling (No. 24). Sage 
Publication, Quantitative Applications in the Social Sciences Series. 
McVean. J.R. (2000). The Significance of risk definition on portfolio selection. Society 
of Petroleum Engineers Inc. 
Medani, A. 1. (1975). Elasticity of the Marketable Surplus of a Subsistence Crop at 
Various Stages of Development. Economic Development and Cultural Change, Vol. 23, 
No. 3, pp. 421-429. 
Meliczek, Ilans (1985). The contribution of food science and technology to the 
transformation and social management of rural areas, Food and Nutrition Bulletin, 
Volume 07, Number 2, 1985 (UNU, 1985, 83 p.). 
Mellers, B.A., Chang, S. (1994). Representations of risk judgments. Organizational 
Behavior and Human Decision Processes, Vol. 57 (2), pp. 167-184. 
Mergenthaler. M.. Weinberger. K. and Qaim, M. (2009). The Food System 
Transformation in Developing Countries: A Disaggregate Demand Analysis for Fruits 
and Vegetables in Vietnam'. Food Policy, Vol. 34(5), ph. 426-36. 
Meuwissen, M. P. M., Huirne, B. M.. Hardaker J. B. (I 999a). QFRPH_ 
LQVXDDQFH_ LQ (XL:RSHDQ_D.IUl.FXOWXU1-1, European Economy No 2, 
Luxembourg. 
Midmore, D.J. and H. G. P. Jansen (2003). Supplying vegetables to Asian cities: is 
there a case for peni-urban production'? Food Policy, Vol. 28, (1), pp. 13-27. 
Mignouna, D. H., Oikeh. S. O. and Mataruka. 1). F. (2010). Can biotechnology drive an 
African green revolution'?, Aspects of Applied Biology, Vol. 96. 
152 
Milham, N., Crean, I. and Singh, R.P. (2011). the implications of policy settings on 
Land use and agricultural technology adoption in North-West India. Contributed Paper 
to the 55th Annual Conference of the Australian Agricultural and Resource Economics 
Society, Crown Conference Centre, Melbourne, 8-IL February. 
Miller, A., Dobbins, C., Prileheu, J., Bochlje, M. and Ehtnke. C. (2004). Risk 
Management for Farmers, Staff Paper 04-I I, Department of Agricultural Economics, 
Purdue University. 
Miller, A., Dobbins, C.. Pritchett. J., Boehlje, VI. and Ehmke, C. (2004). Risk 
Management for Farmers, Staff Paper 04-I I. Department of Agricultural Economics, 
Purdue Universily.  
Ministry of Rural Development Government of India (2010), Annual Report 2010. 
Minot, N. and Roy, D. (2007). Impact of high-value agriculture and modem marketing 
channels on poverty: An analytical framework, International Food Policy Research 
Institute. 
Minten, B., Reardon, T., Vandeplas, A. (2009)- Linking Urban Consumers and Rural 
Farmers in India - A Comparison of Traditional and Modern Food Supply Chains, 
IFPRI Discussion Paper 00883. 
Miranda, M. and Vedenov, D. V. (20011. Innovations in Agri cd.tural and Natural 
Disaster nsurance, Amer. J. Agr. Econ, Vol- 83(3) (August2001). pp. 650-655. 
Mishra, P.K. and Shekhar, B.R. (2011). Impact of Risks and Uncertainties on Supply 
Chain: A Dairy Industry Perspective, Journal of Management Research, Vol- 3. No. 2: 
Eli. 
Mishra, P.M. (2011). Impact of Risks and Uncertainties on Supply Chain: A Dairy 
Industry Perspective, Journal of Management Research. Vol, 3, No- 2: EL I. 
Mohantt. S. (?(107). In eds. (BVS Prasad and Suchita Mohanti) Agricultural Risks  
Management Challenges and Strategies, The ICFAI University Press. 
153 
\41SSRF (M S Swaminathan Research Foundation) (2008). Report On The State Of 
Food Insecurity In Rural India. 
Murshid. K.A.S., Ahnied, N., Yunus, and All. S.M.Z. (2009). Re-emergence of Food 
Insecurity in Bangladesh:' Instability in Food Production and Prices. Nature of Food 
Markets, Impact and Policy, National Food Policy Capacity Strengthening Programme, 
Final Report PR #1/07. 
Murty, K.N. (2000). Changes in Taste and Demand Patten for Cereals: Implication for 
Food Security in Semi-Arid Tropical India, Agricultural Economic Research Re\ ie\w, 
Vol 13(1), pp. 25-51. 
NABARD (2010). Infrastructure for Agriculture Development, Occasional Paper 53. 
Nag. S. K.. S. B. Nahatkar and II. O. Sharma. (2000). Post-harvest lessees of chickpea 
as perceived by the producers of Sehore district of Madhya Pradesh, Agricultural 
Marketing. (Oct-Dec), pp. 12-16. 
Nagayets, Oksana (2005). Small Farms: Current Status and Key Trends. Paper 
presented in the Research Workshop on the Future of Small Farms, Wye College. June 
26 29, 2005. 
Nahuelhual, L., Engler, M. A.. C'arrillo, B., Moreira, V. and Castro, I. (2009). Adoption 
of cleaner production practices by dairy farmers in southern Chile, Cien. Inv. Agr., Vol. 
36(1), pp. 97-106. 
Narayanamoorthy, A. (2006). Package for farmers: Can it stop suicides? Econ. Pol. 
Wkly., Vol. 5 , pp. 353-55. 
Narayanan, S. and Gulati, A. (2002). Globalization and the small holders: a review of 
issues, approaches, and implications, MSSD Discussion Paper 50, IFPRI. 
Narayanmurthy, A. (2006). 'State of India's Farmers', Economic and Political Weekly, 
Vol. XLI 6. Pp 471-473. 
154 
Narrod, C.. A. Golati, N. Minot and Delgado. C. (2D05). Food safety research priorities 
for the CGIAR -A draft concept note from IFPRI for the Science Council. Washington 
I).C.: International Food Policy Research Institute. 
Nath. Tribhuvan (2009). Financial Innovations and Product Design for Managing Risks 
across Agricultural Supply Chain, National Seminar on Micro-Finance Revolution: 
Understanding its Success and Sustainability, North-Eastern Hill University, 
Meghalaya, Tune 19-20. 
Nath, Tribhuvan and Ahmad, Tufail (2011). Producers' Attitude towards Risk 
Management Education & Information: Implication, for Extension Outreach Programs, 
National Seminar on Agribusiness in India: Contemporary issues and Future Prospects, 
Aligarh Muslim University, Aligarh, October 22, 
Nath. Tribhuvan and Basannagati, Basavaraj (2011). Risk Management Information 
Needs of Farmers along Vegetable Supply Chain: Implications for Extension Outreach 
Programs, in National Seminar on Impact of Information Technology on Rural India, 
organized by K B College in Collaboration with Computer Society of India & ISRO at 
Kakaraparti Bhavanarayana College. Vijaywada, Krishna District, Andhra Pradesh. 
July 8-9. 
Nomnan, A. and Lindroth, R. (2004). Categorization of supply chain risk and risk 
management, In C. Brindley (Ed.), Supply Chain Risk, Ashgate Publishing Limited. 
Norrman, A., and Jansson, U. (2004). Ericsson's proactive supply chain risk 
management approach after a serious sub-supplier accident. International Jouna! of 
Physical Distribution & Logistics Management. Vol. 34(5). pp. 434 - 456. 
NSS 59th Round Report No. 496 & 499. 
Odening (2005). Lecture Notes 'Risk Analysis and Risk Management". Course held at 
the Humboldt University Berlin, 27.06-01.07. 
OECD (2008) An Overview of Policy Measures for Risk Management!. 
TAD/CA/APMi WP(2008)24/Final. 
155 
OECD (2009). Managing Risk in Agriculture: A Holistic Approach. Paris: OECD. 
OECD (2011). Managing Risk in Agriculture: Policy Assessment and Design. OECD 
Publishing http:,!dx.doi.org 10.1787/9789264116 146-en 
OECD (2011). Risk Management in Agriculture: What Role for Governments:'. 
OECD-FAO Agricultural Outlook 2007-2017. 
O'Kane, M.P., King, B. and G. O'Brien (2009). Farmer risk perceptions and practice: 
Utilising notions of risk for extension in Project 3030. 
Omani, EOgeny (1998). Organized Retailing in Global Competitive. Journal of 
Strategic Marketing, Vol. 6(1), pp 65. 
Oslon, K.D. (2004). Farm management principles and strategies. Iowa State Press. 
USA. 
Padel. S. (2001). Conversion to organic farming: a typical example of the diffusion of 
an innovation!, Sociologia Ruralis, Vol. 41. pp. 41-61. 
Pal, D. P. and Ghosh, M. D. 13. (2010). The Changing Structure of Indian Agriculture 
During, the Post-Reform Period: A Study in the 1-0 Framework, 18th International 
Input-Output Conference, Australia, 20-25, June, 2010. 
Pandey, S. and Bhandari, H. (2007). Drought: economic costs and research 
implications., drawn by authors from own edited book: Economic costs of drought and 
rice tarlllers' coping mechanisms. 
Pandey. S., l3handari, H., and Hardy, 13. (2007). In hook ( Eds. ) Economic costs of 
.rought and rice farmers' coping mechanisms. 
Park, T.A., and Lohr, L., (2001). Organic pest management decisions: a systems 
approach to technology adoption. Agricultural Economics, Vol. 33, pp. 467-478. 
15 (6 
Pasha. S.Y. (1991). Sustainahility and Viability of Small and Marginal Farmers: 
Animal Husbandry and Common Property Resources, Economic and Political Weekly, 
Vol. 26, No. 13 (Mar. 30. 1991 ), pp. A27-:A3U. 
Paulsson. U. (2004). Supply chain risk management, In C. Brindley (Ed.), Supply chain 
risk (pp. 79-96), Burlington: Ashgate Publishing Limited, 
Peck. H. (2006). Reconciling supply chain vulnerability, risk and supply chain 
management. International Journal of Logistics: Research and Applications, Vol. 9(2), 
pp. 127-142. 
Persson. F. and 01hager. J. (20O2). Performance simulation of supply chain desiwns. 
International Journal of Production Economics. Vol. 77 No. 3, pp. 231 -.15. 
Pingali, P.L., and MM.\V. Rosegrant (1995). Agricultural Commercialization and 
Diversification: Processes and Policies. Food Policy. Vol. 20(3), pp. I7I-I86. 
Pingali, Prabhu L. (2001). Environmental consequences of agricultural 
commercialization in Asia, Environment and Development Economics. Vol. 6, pp. 483-
502. 
Planning Commission Report of the Working Group on Fertilizer Industry for the 
"I'weltth 	 Plan 	 (2012-13 	 to 	 2016-17). 
http: planningconunission.nic.in!aboutus conlmitteeiwrk ,rp 12: wq_tvrt0203.pdf 
Pokhrel. D.M. and Thapa. G. B. (2007). Are marketing intermediaries exploiting 
mountain farmers in Nepal?. A study based on market price, marketing margin and 
income distribution analyses, Agricultural Systems, Vol. 94(2), pp. 151-164. 
Pinter. M. (1998). Cluster and the New Economics of' Competition. I larvard Business 
Review. Vol. 76, Issue.6, pp. 77. 
I'rahadeesearan, hi., Ramasattiv, C. and Selvaraj. K.N. (2005). Poster paper at the 
International Association of Agricultural Economists Conference, Gold Coast, 
Australia. August 12 - i R. 
'57 
Pulamte, L. (2008). Key issues in post harvest management of fruits and vegetables in 
India, India, Science and Technology. 
Raghav an. V. (2002 ). Preserving India's Food.. Vol. 34, Number 09. McGill Reporter. 
McGill University. 
Rahelizato\a, N.C'., and Gillespie, J.M., (2004). The Adoption of Best Management 
Practices by Louisiana Dairy Producers. Journal of Agricultural and Applied 
Economics. Vol. 36, pp. 229-240. 
Rajagopal (2002). Post Harvest Management of Mangoes with special reference to 
Kesar Variety in Junagadh District of Gujarat. Research Papers 1997-98, G B Pant 
University of Agriculture and Technology. Pantnagar, Uttaranchal. 
Rajkuurar. P. and Jacob, F. (2010). Business Models of Vegetable Retailers In India, 
Great Lakes Herald, Vol 4, No 1. pp. 31 -43. 
Raju S.S and Ramesh Chand (2008). Agricultural Insurance in India Problems and 
Prospects, NCAP Working Paper No. 8. 
Ramfrez, O.A., and Shultz, S.D. (2000). Poisson Count Models to Explain the Adoption 
of Agricultural and Natural Resource Management Technologies by Small Farmers in 
Central American Countries. Journal of Agricultural and Applied Economics, Vol. 32, 
pp. 21-33. 
Rangi, P. S. and Sidhu, M. S. (2000). A study on contract farming of tomato. 
Agricultural Marketing, January-March, pp. 15-23. 
Rao, C.H.H. (2000). Declining Demand tier Foodgrains in Rural India: Causes and 
Implications, Economic and Political Weekly, January 22, pp. 201-206. 
Rao, K. N. (2010). Index based Crop Insurance, Agriculture and Agricultural Science 
Procedia, Vol. 1 (2010), pp. 193 203. 
I5$ 
Rao. K.C.P. (2008). Changes in dry land agriculture in the semi-arid tropics of 
India. 1975 -2004, The European Journal of Development Research. Vol. 20, No. 4, 
December 2008, pp. 562-578. 
Rao, N.H.. (2006). A framework for implementing information and communication 
technologies in agricultural development III India. Technological Forecasting and Social 
Change. Vol. 74, pp. 491-518. 
Rao. U. S.. Sx%antinathan. J. M., and Lh:uig. J. (2005). Demand and production 
management With uniform guaranteed Icad time. Production & Operations 
Management. Vol. 14(4). pp. 400-412. 
Rasheed. S. V. (2012). Agricultural Extension in India: Current Status and Nkays 
Forward. paper for the Roundtable Consultation on Agricultural F.stension, I3eijinu. 
March 15-17.2012. 
Ravallion.'9. and S. Chen (2007). China's (Uneven) Progress Against Poverty, Journal 
of Development Economics. 
Reardon. T. and `9inten. B.. (2011). "The Quiet Revolution in India's Food Supply 
Chains'. IFPRI Discussion Paper 01115. 
Reardon. T.: Barrett, ('.. 13erdegué. .1. and Swinnen, J. (2009). .Agrifood Industry 
Transformation and Farmers in Developing Countries'. World De\ eloprnenf. Vol. 
37(1 1 1. lip. 717-727. 
Rees. L. (2008). What is the Impact of Livelihood Strategies on Farmers' Climate Risk 
Perceptions in the Bolivian Highlands?, Unpublished thesis submitted to Department of 
.Agricultural Economics, University of Missouri-Columbia. 
Reserve Bank of India (2006). Hand Book on Indian Statistics, Dept of Economic 
Policy and Research. Mumhai. 
Riesu,o, L. and Arriaza. M. (2002). AUricultural Risk Aversion Revisited: A 
\lulticriteria Decision-\laking Approach, Paper presented at the Xth EAAE Congress 
159 
`Exploring Diversity in the European Agri -Food System', Zaragoza (Spain), pp. 28-31 
August 2002. 
Ritchie, B. and Brindley, C. (2007). An emergent framework for supply chain risk 
management and performance measurement. Journal of the Operational Research 
Society (2007), Vol. 58, pp. 1398 —1411 
Ritchie, B. and Brindley, C. (2007), An emergent framework for supply chain risk 
management and performance measurcrnervl, Journal of the Operational Research 
Society (2007), Vol. 58, pp. 1398 —1411 
Ritchie, B., and Brindley, C. (2007). Supply chain risk management and performance: 
A guiding framework for future development. International Journal of Operations & 
Production Management. Vol. 27(3). pp. 303-322. 
Robison, L. J. Barry, P. J., Klienbenstein, J. B., and Patrick, G. F. (1984). Risk 
attitudes: concepts and measurement approaches. In P. J. Barry (Ed.), Risk management 
in agriculture. Ames, Iowa: Iowa State University Press. 
Robson, C. (1993). A resource for social scientists and pract itioner researchers. 
Oxford, UK: Blackwell Publishers. 
Roe, S. (1998). Wool producers use and knowledge of price risk management 
instruments. Honor Dissertation, Curtin University of Technology, Muresk Institute of 
Agriculture, Perth. 
Sahadevan, K.C. 	(2002). 	Derivatives and Price Risk Management: A Study of 
Agricultural Commodity 	Futures in 	India, A Seed Money Pioject Report, 	(RI 
I.ucknow. 
Sahu, C. D., and Rajshekar, D. (2005). Banking Sector Reform. and Credit Flow to 
Indian Agriculture', Economic and Political Weekly, vol. XL 53, Pp 5550-5559. 
Samaddar, S. and Nargundkarl, S. (2010). Analyzing Supply Chain Disruption Risk: A 
Decision. 
160 
Sambasivan, M.. Mohamed, Z.A., and Nandan. T. (2009), Performance measures and 
metrics tr e-supply chains. Journal of Enterprise Information Management, Vol, 22, 
No. 3, ph. 346-360. 
Sati h. 1'. (2006). Institutional Credit. Indebtedness and Suicides in Punjab', Economic 
and Political Weekly, Vol. XLI 26, Pp 2754-276l. 
Satyasai, K.J.S. and Viswwanathan, K.U. (1997). Commercialisation and Diversification 
of Indian .Auriculmre, NABARD Occasional Paper — 5. 
Saxoww sky. D NL and Duncan, M. R. (2008 ►. Understanding Agriculture's Transition 
into the 21st Century Challenges, Opportunities, (onsecIoe.nces And Alternatives; 
Agricultural Economics Miscellaneous Report No. 181. 
Schade. C.. Kumeuther, U.. Kaas, K. (2002). [.ow-Probability Insurance Decisions: The 
Role of Concern, Wharton Risk Center Working Paper Nr. 02-I0-HK, Wharton 
Business School, University of Pennsylvania. 
Schnitzler. \V.H. (1998). Postharvest handling and monitoring of quality for vegetables 
produced in greenhouses in hot, arid climates. International Workshop on Protected 
Airiculture in the Arabian Peninsula. Doha (Qatar), 15-18 Feb I998. 
Selvaraj K. N. and Ramasamy C. (2006). Drought, Agricultural Risk and Rural 
Income: Case of it Water Limiting Rice ProductionEnvironnlent. Tamil Nadu, 
Economic and Political Weekly. Vol. 41. No. 26 (Jun. 30 - Jul. 7. 2006), pp. 2739-
2706. 
Selvaraj, K. N. and Ramasarny, C. (2006). Drought, Agricultural Risk and Rural 
Income: tae of a \Water Limiting Rice Production Environment. Tamil Nadu. 
Economic and Political Weekly. Vol. 41, No. 26 (Jun. 30 - Jul. 7, 2006), pp. 2739-
2746. 
Sethi. Suresh Andrew (2010). Fisheries Management with People in Mind: Assessing 
and Managing Risk. Doctoral Dissertations. 1 niversity of Washington. 
16I 
Sharma, V. 1'. (201 1). India's Agricultural Development under the New Economic 
Regime: Policy Perspective and Strategy for the 12th Five Year Plan, 11MA Working 
Paper, W.P.  No. 201 1-1 1-01. 
Sharma. V.P. and Jain, D. (2011). I-ugh-Value Agriculture in India: Past Trends and 
Future Prospects, IIMA working paper No. 2011-07-02. 
Shefli, Y. (2005). The Resilient Enterprise: Overcoming Vulnerability for Competitive 
Advantage, MIT Press, Cambridge, MA. 
Sheffi, Y.. & Rice, J. B. (2005). A Supply Chain View of the Resilient Enterprise. MIT 
Sloan Management Review, Vol 47(1), pp. 31-52. 
Shefli, Y.. and Rice. .J. 13. (2005). A Supply Chain View of the Resilient Enterprise, 
MIT Sloan 'Management Review. Vol. 47(1), pp. 41-52. 
Shivakumar, P and Senthilkutnar, S (2011). Growing Prospective of Retail Industry in 
and around India, Advances in Management. Vol. 4(2). 
Shoja Rani. 13. N. (2009). Globalization and Contract Farming in India-Advantages and 
Problems. Conference on Global competition and competitiveness of Indian Corporate, 
May 23. 
Shriram, M. S. (2006). Reviving Cooperative Credit Institutions'. Economic and 
Political Weekly, Vol. XLI 4, pp. 298-300. 
Sidhu, R. S., and Bhullar, A.S., (2005). Pattern and Determinants Agricultural Growth 
in the Two Punjab', Economic and Political Weekly, Vol. XL 53, pp. 5620-5627. 
Simch1-Le'i, D., Kaminskv, P., Simclsi-Levi. E. (200$). Designing and managing the 
Supply Chain, Concepts, Strategies, and Case Studies, Ill edition McGraw-Hill, Irwin. 
Singh, 13. and Sharma, P. (2004). Extension Approach for Agriculture Needs Re-
Orientation.National Workshop on Communication Support for Sustaining Extension 
162 
Services. (Eds). De. D.. Jirli,B. and K. Ghadei.K. Department of Extension Education. 
Institute of Agricultural Sciences. Varanasi: Banaras Hindu University. 
Singh. K. (2004). An analysis of India's exports of processed food products. Arth 
Any esan. Vol. 2, pp. 26-32. 
Singh. Sukhpal (2002). Contracting out solutions: Political economy of contract 
farming in the Indian Punjab. World Developnment, Volume 30, No. 9, pp. 1621-1638. 
Singla. S. and Sagar, M. (2012). Integrated risk management in agriculture: an 
inductive research. Journal of Risk Finance. Vol. 1.3 Iss: 3. pp.199 — 214. 
Sinha. Archana (2009). Agriculture and Food Security: Crises and Challenges Today, 
.A' ailable online at http:. www.isidclhi.org.in. saissuesiarticlesianjan09.pdf 
Sinha. P. R.. Whitman. L. F.. and Malzahn. D. (2004). Methodology to mitigate 
supplier risk in an aerospace supply chain. Supply Chain Management: An International 
Journal, Vol. 9(2), pp. 154 - 168. 
Sinha. P. R.. Whitman. L. E.. and Malzahn. D. (2004). Methodology to mitigate 
supplier risk in an aerospace supply chain. Supply Chain Management: An International 
.lDtt-nal. Vol 9(2), pp. 154 - 168. 
Sitkin. S.R., Pablo. A.L. (1992). Reconceptual1zing the determinants of risk behavior. 
Academy of Management Review , Vol. 17 ( I ). pp. 9-38. 
Sivakumar. M.V.K.. Stefanski, R. (2008). Climate change mitigation, adaptation and 
sustainability in agriculture. In: Symposium on climate change and variability -
agrometeorological monitoring and coping strategies for agriculture. Oscarsborg. 
Nor" ay. 
Skees. J. ( 1999). Opportunities liar Impro\ed Efficiency in Risk Sharing Using Capital 
Markets. American Journal of Agricultural Economics, Vol. 81(5), pp. 1228-33. 
Skees. J., Barnett, B. and Hartell. J. (2006). Innovations in Government Responses to 
Catastrophic Risk Sharing for Agriculture in Developing Countries" Contributed paper 
in the International Association of Agricultural Economists Conference, Gold Coast, 
Australia, August 12-18, 2006. 
Skole. D.L. (1997). Introduction to the proceedings of the open science meeting, pages 
11-12 in Fresco, L., R. Leemans, B.L. Turner II, D. Skole, A.G. vanZeijl-Rozema and 
V. Haarmann, 1997. Land use and cover change. Open Science meeting proceedings, 
29-3I January 1996, Royal Academy of Arts and Sciences, Amsterdam. LUCC Report 
series 	N. 1. 	Institut 	Cartografic 	de 	catlunya. 	Barcelona, 	Spain, 	pp.143. 
Slack. N„ Chambers, S., Harland, C., Harrison, A. and Johnston, R. (1995).  Operations 
Management, Pitman Publishing, London. 
Smitn and Miehaelowa A. (2007). Sufferer and cause: Indian livestock and climate 
change", Climate Change., Vol. 85, pp. 285-298. 
Sodhi, M. S. (2005). Managing demand risk in tactical supply chain planning for a 
global consumer electronics company. Production and Operations Management, Vol. 
14(1). pp. 69-79. 
Spector, P. F. (1992). Summated rating scale construction; an introduction (No. 82). 
Sage Publications: Quantitative Applications in the Social Sciences Series. 
Sridhar, G. and Ballabh, V. (2007). Indian Agribusiness Institutions for Small Farmers: 
Role. Issues and Challenges, In: Institutional Alternatives and Governance of 
Agriculture. Academic Foundation. 
Stewart, G. (1995). Supply chain performance henchmarking study reveals keys to 
supply chain excellence, Logistics Information Management, Vol. 8 No. 2, pp. 38-44. 
Studies. 
164 
Swammathan, M. (2008). Programmes to Protect the Hungry: Lessons from India'. 
DFSA Working Paper No. 70, United Nations Department of Economic and Social 
:\tfairs, a iilab1e at: http: \v v, v'.un.oru esa desa papers; 2008. wp70_2OOK.pdf 
S\%aminathan, M. and Misra. N. (2001). Errors of Targeting: Public Distribution of 
Food in a Maharashtra Village, 1995-2000. Economic and Political Weekly, Vol. 36 
(26), pp. 2447-2454. 
Swwit}nen J. F. M (2007). Global supply chains, standards and the poor (cd). CAB 
International. 
Swinnen, J.F.M. and Maertens, M. (2007). Globalization, privatization, and vertical 
coordination in food \ aloe chains in developing and transition countries, Agricultural 
Economics. 37(sl ), Vol. X9-102. 
Syrquin, Ni. (1988). Patterns of Structural Change, in I1. Clienery and T.N. Srinivasan 
(eds).. Handbook of Development Economics. Vol. I. Amsterdam: North-Holland. 
pp•20 3-2 7 3. 
Szckely, Csaba and Peter Palinkas (2009). Agricultural risk management in the 
European Union and the USA. Studies in Agricultural Economics No.109. pp.55-72. 
FAAS and IFPRI (2009). Emerging Challenges Belure Indian Agriculture—The \Vay 
For\%ard. \Vorkshop Proceedings. 
Tan. K.C. (2002). Supply chain management: practices, concerns, and performance 
issues'. Journal of Supply Chain Management. Vol. 35 No. I, pp. 42-53. 
Tang, C. S. (2006). Perspectives in supply chain risk management. International Journal 
of Production Economics, Vol. 103. pp. 451-488. 
Tang. U. S. (2006a). Perspectives in suppl\ chain risk managenment. International 
Journal of Production Economics, Vol. 103(2 ). pp. 451-488. 
1hr 
~tangennann, S. (2011). Risk Management in Agriculture and the Future of the EU's 
Common Agricultural Policy, Issue Paper No. 34. 
Tangcrmatm, Stefan (2011). Risk Management in Agriculture and the Future of the 
EU's Common Agricultural Policy; ICTSI) Programme on Agricultural Trade and 
Sustainable Development; Issue Paper No. 34; ICTSD International Centre for Trade 
and Sustainable Development, Geneva, Switzerland. www.ictsd.org. 
TERI 	(2002). 	India 	specific 	impact, 	of 	climate 	change: 
~hltp:JIwww.teriin.org/climate/impacts.htni, as viewed on July 2, 2002. 
Thapa, G, and R. Gaiha (2011). Smallholder fanning in Asia and the Pacific: 
Challenges and Opportunities, paper presented at the Conference on new directions for 
small holder agriculture, 24-25 January2011, Rome. IFAD 
(Tiller, B_ M. (2000). Price risk management tools and the Western Australian grain 
(producer. Honors Dissertation, Curtin University of Technology, Muresk Institute of 
Agriculture, Perth. 
Timmer, C. Peter (2007). The Structural Transformation and the Changing Role of 
Agriculture in Economic Development: Empirics and Implications, Wendt Lecture 
atAmerican Enterprise Institute, October 30, 2007, 
~immer, P. (1988). The Agriculture Transformation", Handbook of Development 
(Economics, Vol. 1, Elsevier Science Publishers B.V. 
foulmin, C. (1990), ALPAN - African Livestock Policy Analysis Network, Network 
Paper No. 10. International Livestock Centre for Africa (ILCA). 
[ownsend, R. (2005). Weather Insurance in Semi-And India" Paper prepared for the 
Commodity Risk Management Group, Agricultural and Ru col Development 
Department, ESW, The World Bank, Washington, DC. 
Treasury Board of Canada 2001, Integrated Risk Management Framework. April 2001. 
166 
Tripathi. A. and Prasad, AR. (2009). Agricultural Development in India since 
Independence: A Study on Progress, Performance. and Determinants, Journal of 
Emerging Knowledge on Emerging Markets, Vol. 1, Issue 1, November 2009. 
Toney. C. G. (2001). Weather Derivatives for Specific Event Risks in Agriculture, 
Review of Agricultural Economics, Vo. 23. pp. 333 351. 
Twu, S.-J., et al. (2003). Control measures for severe acute respiratory syndrome 
(SARS) in Taiwan, Emerg Infect Dis. 
Tyagi. SK, Datta, P. S. and Singh, R. (2012). Need for proper water management for 
food security, Current Science, Vol. 102, No, 5, 10 March 2012. 
UN (1996). World population prospects, the 1996 revision. Annex I: Demographic 
indicators. United nations Secretariat, Population Division, New-York, pp. 253. 
Fischer, G., Frohberg, K., Parry, M-L. and Rozenzweig, C. (1996). The potential effects 
of Climate Change on World Food Production and Security. Pages 199-235 in : Bazzaz, 
F., and W. Sombroek (Eds.). Global climate change and agricultural production. Direct 
and indirect effects of changing hydrological. pedological and plant physiological 
processes. FAO and John Wiley & Sons, pp. 345. 
UNFCCC (2007). Climate Change: Impacts, Vulnerabilities and Adaptation in 
Developing 	 Countries. 	 Available 	 at: 
httna%unfeca_ i nt/resourceidocs/puhl icationsiimpacts.pdf 
USAID (2011). Value Chain; Market Analysis of the Off-Season Vegetable Sub-Sector 
in Nepal. 
Van der Vorst, J., Beulens, A., De Wit, W. and Van Beek, P. (1993). Supply chain 
management in food chains: improving performance by reducing uncertainty", 
International Transactions in Operational Research, Vol. 5 No. 6, pp. 487-99. 
Van der Vorst, J.G.A J. (2005). PcrFormance measurement in agri-food supply chain 
networks. An overview, in Ondersteijn, C.L, Wijnands, J.H_, Hoij'ne, R.B. and van 
167 
Kooten, 0. (Eds), Quantifying the Agri-food Supply Chain, Springer, Dordrecht, pp. 
13-24. 
van der Vorst, J.G.A.J., Deulens, AJ_M., 2002. Identifying sources of uncertainty to 
generate supply chain redesign strategies. International Journal of Physical Distribution 
& Logistic Management, Vol. 32 (6), pp. 409-430. 
Van I.andeghem, H. and Vanmaele, H. (2002). Robust planning: a new paradigm for 
demand chain planning", Journal of operations Management, Vol. 20, pp. 769-83. 
Viswanadham, N. (2009). Can India be the Food Basket for the World?. Indian School 
of Business (ISB) Working Paper. 
Vogel, S, J. (1994). Structural Changes in Agriculture: Production Linkages and 
Agricultural Demand-Led Industrialization, Oxford Economic Papers, New Series, Vol. 
46. No. 1, pp. 136-156. 
Volker, M., Songporne, T. B., Hardeweg, Hermann, W. (2011). Climate risk perception 
and ex-ante mitigation strategies of rural households in Thailand and Vietnam, 
Proceedings of the German Development Economics Conference, Berlin 2011, No. 79, 
Available: lnto:/hdl.handle.neti 10419/48291. 
von Braun, Joachim (1995). Agricultural Commercialization: Impacts on Income and 
Nutrition and Implications for Policy. Food Policy, Vol. 20(3), pp. 187-202. 
Voss. C., Tsikriktsis, N. and Frolich, M. (2002). Case research in operations 
management", International Journal of Operations & Production Management, Vol. 22 
No. 2, pp. 195-219. 
Vyas, V S (2003). India's Agrarian Structure, Economic Policies and Sustainable 
Development Variations on a Theme, Academic Foundation, New Delhi, 
Walker, T., Maredia, M., Kelley, T., La Rocere, R., Templeton, I7., Thiele, G., and 
Douthwaite, B. (2008). Strategic Guidance for Ex Post Impact Assessment of 
Agricultural Research, Standing Panel on Impact Assessment, CGIAR Science Council. 
168 
W'einberger, K. and l_umpkin. T. (2005). Horticulture liar Poverty Alleviation: The 
Unfunded Revolution'. \\ orkini Paper 15. Shanhua, Taiwan. AVRDC, available 
http: ww\\'.av rdc.or,, pub_socio.html (accessed March 2005). 
\\ enner, Mark (2005 ). Agricultural Insurance Revisited: New Developments and 
Perspectives in Latin America and the Caribbean. Washington. D(', October 2005 -- No. 
Rt)R-05-02 . 
Woods A. Coates KD. Hamann A (2005). Is an unprecedented Dothistroma needle 
blight epidemic related to climate change''. Bioscience, Vol. 55, pp. (,1-69. 
World Bank (2005). Managing Agricultural Production Risk 	Innovations in 
I)evelQpiWI: Countries. 
World Bank (2005). Managing Agricultural Production Risk: Innovations in 
Developing Countries. REPORT No. 32727-GLB. 
\\'orld Bank (2005). Managing the Debt Risk of Exogenous Shocks in Lo'-Income 
Countries, The World Bank, Washington, DC. 
World Bank (2006). Agriculture Investment Sourcebook. May 2006. Available at: 
http: siteresources.-vvorldhaWk.orggEX'l'AGlSOU. Resources Module 11 Weh.pol. 
World Bank (2008). Agriculture for De\ elopment: World Bank Report 2008, 
\\ ashimzton D.C.: World Bank 
World Bank (2008). World Development Report 2008: Agriculture for Development. 
\\'ashini.ton. DC: World Bank. 
World Bank (2008). World Development Report: Agriculture for Development, The 
\1 orld Bank. Washington. DC. 
World Bank (2010). World Dc elopmcnt Indicators 2010. 
It ) 
World Bank. (2007). World development report 2008: Agriculture for development. 
Washington, D.C.: World Bank. 
Wozniak, C.D., (1987). Human Capital. Information, and the Early Adoption of New 
Technology. The Journal of human Resources. Vol. 22, pp. 101-112. 
Wu, T., Blackhurst, J., and Chidambaram, V. (2006). A model for inbound supply risk 
analysis. Computers in Industry. Vol. 57(4), pp. 350-365. 
Yang, J., Wang, J., Wong, C.W.Y. and Lai, K. (2008). Relational stability and alliance 
performance in supply chain", Omega, Vol. 36, pp. 600-8. 
Yang, Z., Aydin. U., Babieh, V, & Bcil, D. (2009). Supply Disruptions, Asymmetric 
~Jnfonnation, and a Backup Production Option," Management Science, Vol. 55, No. 2, 
pp. 192-209. 
Zelbst, P. J., Green, K. W. It and Sower, V. B. (2009). Impact of supply chain linkages 
on supply chain performance, Industrial Management & Data Systems, Vol. 109 Iss: 5 
PP _ 665 682 
Zhang, X., Rockrnore, M, and Chamberlin, J. (2007, December). A Typology for 
Vulnerability and Agriculture in Sub-Saharan Africa (Discussion paper 00734). 
'international  Food Policy Research Institute. 
Zorrilla, J. L. (2002). Extensive Herbaceous Cultivation and Cattle Risks: Possibilities 
that Agricultural Insurance Oftbrs Ibr their Management. Paper presented at the 
international conference on Agricultural Insurance and Income Guarantee, 13 May, 
(Madrid. 
Zsidisin, G.A., Panelli, A. and Upton, R. (2000). Purchasing organization involvement 
in risk assessments, contingency plans, and risk management: an exploratory study", 
Supply Chain Management: An International Journal, Vol. 5, No. 4, pp. 187-97. 
Zvirgzdina, K., Vitnla, S. and Tilta, F. (2009). Entrepreneur in Aericulttual Cluster, 
Ekonomika it vadyha aktualijos it perspektyvos, Vol.3, 16, pp.. 329-334. 
170 
WEBLIOGRAPHY 
http: wwcw.ncap.res.irr up4ead_tiles;puIiey —hrieti pb24.pol 
http: \v\v\\w.%%orld\w'ater\\ eek.org. documents \\ W\'t _PDF/ 2012%2012-First- 
.Announcenlet.pdf 
http: \\\\, \\w. Indiawaterportal.org,sitesiindia\\aterportal.org files planning commission_ 
working(, group_agriculture_performance_agriculture_sector_policy_initiative 20I2.p 
dl' 
Imp: w'w w'.c pslortlletl►ttts'c.org wp- 
content'uploads?2012 06 poor_benettt_H\'A_prod.pdi 
http: \\'\\'\\.thedailystar.net ne\\ Design ne\\ws-details.php'.'nid=23791 
http: \.w\w'\v.ifad.org/'e\ents agriculture.'sessions 3 ganesh.11tnl 
http: agricoop.nic.in'SIA 1112133 12.pdf 
http: 14.139.94.101 fert1meter Soil%20Resources3.aspx 
http: farmcrsforum.in. input sQIIillcalthy-soil higher productm its 
http: \\\,\\.syngentaloundation.orgindcx.clm:'ragcID=466 
Imp: www.rsis.edu.sg tits I (TML-Newsletter Insight%NTS-Insight-jun-1 101.11tm( 
http: w\\•w.fao.org'index_en.htnl 
Imp: news.bhc.co.uk/2 hi:3575994.sun 
Imp: \\ \v\v.prb.org'polT)7 tulurepupulatiouotindia.pdf 
http:. www.fao.org'docs einls upload 2I098') regiunal_ssa.pdf 
Ilttp: www.cafiextension.org.in/CAFT20I2l.ectures/11 .pdf 
http: oxusinvestments.cm files;pdf 110 1tnf;culomtc(irowthI9(►-2008.1df 
http: w•ww.apaari.org: wp-contellt:'u1Ioads 2(1)9 08 emerging-challenges I .pdf 
Imp:. w'w\\w.igidr.ac.in new spdf'srijit.'PP-069-06b.pdf 
http: \\ww.iivr.org.inDo\\nload -"lVRViIon2030.pdf 
http: \\'\1'\P.nlssrf.or`q 1s pub rcport%20ofi"n2U)tll 	 20state"'i%20oi' o2t)Ik)od%2Olnsecurit 
\'0 n20in° o20rura1 20lnd1a.pdf 
ANNEXL'RE 
Questionnaire 	 (:u•irrnumIu I, n•mrrolKr? 
L. PROFILE OF VEGETABLE GROWERS 
1.1 Village 	 Block 	 District 	 State 
1.2 Gender: 	 i Yale 1, Female.?) 	1.3 Ac: 
	
(Years) 
1.4 Education: 	 illliterate-I, Literawe-?, JHS and helou-3, Seconclan-'HS-4, Gradual on PG 5, Professional cozirsc'Dij'loma-bl 
1.5 (a) Agricultural qualification 	IblFarm trainingjc) Exposure visit 	I}'es•I. .'o ; 1 1.6 Social category: 	(Gen-1, OBC-2, S('-3, ST 4) 
1.7 (a) Primary occupation 	(h) Secondary occupation 	(Farming-1, Service.?, Businesr•3, Lahoiuer-4, HIf'-5, Retired-6, Student-7, Unemp,-8, Others- 
9) 
1.8 Marital status: 	 t.tfurriea-1, t vnarrie►l-2) l.9 Family size: (a) Adult male 	Ib) Adult female 	(c) Children 
1.10 Working adult members: (a) Male 	(b) Female 	1.11 Experience in vegetables cultivation : 	 ( }ears 
L 12 Yearly: la) liouwhold income ? 	 Ib) Income tom Agriculture Z 	(c) Income Iron> vegetables 
1.13 Land details and farm characteristics: (I Acre = ....................beegha kachhmpacca) 
------------ - . 	....... -.. 	-- 	 ............. 
SI. 	Land Characteristics ••> 	Ouned Leased-in 	Leased-out 	Cultivable land 	Vegetable cultivation 
a. Area (beegha) 	 I 	 a i 
b. I irigaled area beegha t 
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II. IDENTIFICATION & :\SSESS\'IENT OF RISKS ACROSS UPSTREAM \ftF'I .\1311 SUPPLY CHAIN 
RISK \IA\AGEMIXF STRA'ftGILS 
Post clustering Prt-iHtLr\ tntion 
Risk 	 Risk \kin'cnierit Siraeies 	
U 
I. Lack of capital 
- muds unavailabilits 
4. lnsufIicieiv;shoage of inputs 
(seed fertiIiirs) 
Borrow farm credit 
2. land Icase out 
3.Cornrai Iänmn 
4, Diversification towards low investment 
crop 
5. Disetiitii tosvardc 
Ii esiock.pnulir lisheries 
6. \on.Iarni aclivit' 
7.Sellinu, land 
S. Do nothing 
9. 
Purchase from trusted dealers 
2. Purchase from govt. coop. society 
3 Purchase warrantecituaraittee from 
dealer agent 
:hi.c branded inputs frni opoi 
marei 
. ('uulract arrangements 
6. Regular seed replacement 
7.Do nothing 
l,Prior purchase 
2. Lraisoning with input draft 
3. Roy poor quality from open market 
4, Sharing with fellow farmers 
5- Crop enterprise diversification 
nothing 
7, 
Prior purchase 'maintain buffer stock 
2. Sharing with fellow farmers 
3.Crop'enierprise disersificajion 
4. Buy local brand 
5. Do nothing , 	 - - 
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I 
OY 
4LiIt 
A 
1. Buying when prices are relatively low 
?. Collective bovine 
3. Use of own saved seed 
j 	 I 4. Diversification towards low cost 
substitute crop ,enterprise 
!.Contract arrangements 
S. High cost of inputs 6. Profit sharing «ith dealer for arranging 
inputs on credit 
". Do nothing 
I. Borrow from mono lender 
?.Borrow from relativesTriend 
6. Lack of access to financial 3. Dispose of non-performing assets 
institutions: bank'MFl etc. 4. Do nothing 
I. Borrow from money lender 
2. Borrow from relatives friend 
3. Partnering with prime bank customers 
i. Lack of collateral to borrow 4. Sou itch to low investment enterprise 
institutional credit 	 I .Contract farming 
6. \'lorteaging 
7, Do nothing 
S. 
I Borrow from relative friend 
? Borrow through govt. supported 
S. I Iigh interest rate for loans schemes (KCC etc 
3. Borrow through community 
organizations (SHGs ctc.t 
~.: 4. Do nothing, -- 	.....--N  
I. Regular access to weather forecast info. 
2. Weather isles inunncy'aron insurance 
1. Afeather uncerlaintw L Climjte 	 3. Water hanvestink 
Change 	 4. Adopt new cropping pattern 
Do nothint! 
	
1 	 I. Use of diseases resistance seeds 
c ;• 	?. Use of pesticiccsinsccticides  
L = 	 3. Crop rotation  
= " I 	 4. Field sanitation 
' Crop disease S Termites 	 I S. Soil solarization Iplastic'other cover to 
anack insects 	 crops) 
6. S ra of oil Iant extracts 
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7.Irtigotion:nauggemc~CClwnirti,Lau 
water 	 I 	~~ 
I N- :eprtv'Ag sciemists advice) Kisan 
CaICco)rc 
9.lsearIPM  
IO Ik nolFe~g 
l.cmjteIiu¢ wafer use 
pmclir' 1uicgrmtdus:oIiieu,mir, 
gonad ci. 
7. Instul'kicndlack of irrigation 
a. Lack of accrss lu farm teehnoIagy 
5, Lack of loehrit'al ~kils & 
mcwlcdgc of GAP 
2. MMiripArWxpnuklarlwa1¢rseomg 
devices 
13 Ctme Ling dr[ aEe 
4 Fnnndeou of irr use groups 
5,14ulrhanesb.n6 
6. Chonge trippirrg yjRern hi'xards water 
zingcrop 
7 Crop alenu to amp wlth cmpivestak• 
Mier 
B Do uelhing+ 	__. 
I Group appmach¢s to buy (cc luch. 
]. Appruuah govt aulhurilies ut hlack @ 
dixIorfafEtts 
1 ?.yyriadr ua! ic[LImr l 
uniuusilic.s KCK.. r4:. 
4,Apptaach to hutch iunners'asing ne on 
tcclimlogiec 
i. Ask lipu1I'eIp;I'i nw[bers..kiwi 
c,]I c me iKCC'I, SMS & phone 
6. Vi :l n:arby E.jir[Ienn0x 
(tch'jplIedhabal 
Use of mass mcdin9CTs 
9 ho o(lI! 
I Inin farmers field school 
1. Attend farm Yaurivayp orguoi:J by 
govt,SGOs and private sceto: 
3.ik' i r9raiirn 	lam VI sics 
4,\- siuw;ubyKVK2+g. Cnivemdtyst. 
5.N1ateldlist:o prricmjRrnl programmes 
mlTV4R'idio 
I?S 
:8 Flood 
9. Drought 
1. Maximum use of family labourer 
11 se of mc~hanical power technology 
3. Land lease-out 	 ! 	l 
4. Grow less labour intensive crops 
5 Do nothing 
1. Regularly check & repair farm 
equipment 
2. Use farm machines according to the 
insiniclions supplied with them 
3. Get adequate training & information 
about handling farm equipment 
4. Use protective gear while spraying 
pesticides 
5. Keep first•aid kit at field 
6. Buy life insurance policy 
7. Do nothing 
t. Planting v atcr loving crops 
2. Reduce run-oh' 
3. Afforestation 
4 Grass buffers on agricultural field 
Conservation tillage 
Increase Carr% mg capacity of drainage 
s~stcm 
Strips for soil erosion prevention 
R Do nothing 
a 
Changing crop pattern (drought- 
resistant crops) 
2. Practicing delicit irrigation 
,. Mono-cropping 
4. Crop insurance 
i Constructing water reservoir 
(. Minimiiing tillage 
. Selling land 
S. Migrating 
9. Dncrsifyinti non-farm enterprise 
1o. Do nothing 
II. 
6. Shortage of reliable 
labour'Expensive farm labour 
7. Illness'lnjury disability, death 
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I. i ck~nnrpackaging 
Read'l~il!lfire~rot¢otlona'3i Inen( 
'1.Culka'.havcsted crops ii rbywl',lu 
Ink)purips 
1. Crop ioauraocc 
4Dor0Iin  
I I Crop insurance  
1. Cover ilarvr5tedcrup 
3, Ua no-hing 
4. 
I. Pbckagine pith Iucill; available nNral 
matrials':*oodcn borers. trays. 
bamhuo aakls S car enSI 
1. Pcukngiog wil1Envw bags and nak 
Pekkm,jny mill paper crates 
4.Pa:kagimgwlihplast bags' raics 
i Aiznded Iruiniag for bcller puekaging 
6 Sale crup a! fenli Pic witlioul 
packaging 
7 Do nolllflg 
I. Use of own logoisticker 
2 Use ga>'r proei&d lagasliekcr 
3 L1 ef:nmpmuy!uk t::&: 
4. Woo ml paev hrutA rwloir 
S Do narking 
6. 
3. lack elf hraudim. 
4. Impioperp-udu ihundIi g  
2. Mark logo pruS c by gow. 
Mark logo iodi;u'm2 spafc .r.l 
qualilp 
4. Do nulhirg 
I Customi7edpackgirg 
7 Dothirg 
7 
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S. Lack ofsurti ypoing 
6. Lackpoorstorag¢ faeiliiv'cold chain 
7, l nckpoor quality control practices 
I. 
I. Do vorl.ng & grading of product 
2 Do tuhing 
3.  
I. Sale insant after hmvesl at thmi gae 
2.Incrc I c cM1elPIife of pros through 
pros~ varivuv 
3.Sto at pub liciprivete cold smrnge 
4. Mu cling mnl cats 
S. Dn  
I. Atkndd training on qulity control 
m:asurs 
2 Follow GAP acrosstamopc-atlons 
i. Do irdhing 
4. 
JriacnssibiPity of market 
S 
6 
vl 
y 	i.Oifthuaisal market place 
?. MrkcI price 	llalility  
rodIKe 
2SalcIn  allpermicmarkclsiIw 
Sale al farm gate tc local tredec 
a. Contaa local Imde• Im ddl.mr 
5. Gmup lnrkring for cawnues of 
scale 
6. vrr icul inlcgraEon Ir.W r0tolig 
7. Supply to 
rtauraulihiticILs hot a1rIcnM1cUIc 
S. Do roddra 
I. Distress saleMe¶0itmdequate range 
iazililiaa 
2. Safedircoily m astonm. (is'vfer) 
Sale t:clkri retr; 
4. Do nothing 
I Storage ofcroptosal¢atp¢akprim 
2 Crop iacuruoce 
1. Fmures;tipplicn markcrs 
4 MarkrIingcontrads 
5 Do ialhing 
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I Use of mobile; phone 
2 le of mass media ICTs I radio 'f Vi 
4. Lack of market intiormation 
Use of social network 
4 Access llom teIlou Iarmxn 
Do nothing 
i. Lo 	market demand of ► 
Diving of produce for post season use 
producc-over production 
2 Donolhin 
i Sale direct to consumers 
Sale direct to retailer:processor 
6. Exploitation by middlemen I Marketing contract 
4. Do nothing 
' 	► 
~ I i 
I 	Sale in distant market 
'. Direct sale to customers 
7. Lack of discriminalorti pricing for 
. Grow poor qualit' of produce with I ttic 
qualit}' graded produce 	 I 
investment 
: Sell at dillerent market supplier  
Do nothinc  
► Collective transpo ation 
1lire ~chicle 
8. Lack poor transportation lacihlv 	 ? Purchased own vehicle 
4 Do nothing 
I. Collective bargaining  
9. Lack poor bargaining power 	 2 Do nn►hinit  
---------- 
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